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Preface 
 
This thesis is based on the following publications, which are referred to by their 
roman numerals in the text: 
 
I. Sheean V.A., Manning A.D. & Lindenmayer D.B. (2012) An assessment of 
scientific approaches towards species relocations in Australia. Austral Ecology 
37, 204-215. 
II. Bennett V.A., Doerr V.A.J., Doerr E.D., Manning A.D. & Lindenmayer D.B. 
(2012) The anatomy of a failed reintroduction: a case study with the Brown 
Treecreeper. Emu 
III. Bennett V.A., Doerr V.A.J., Doerr E.D., Manning A.D., Lindenmayer D.B. & 
Yoon H-J. (In Press) Habitat selection and post-release movement of 
reintroduced Brown Treecreeper individuals in restored temperate woodland. 
PLoS ONE 
IV. Bennett V.A., Doerr V.A.J., Doerr E.D., Manning A.D., Lindenmayer D.B. & 
Yoon H-J. (In Review) Habitat selection and behaviour of a reintroduced 
passerine: Linking experimental restoration, behaviour and habitat ecology. 
V.  Bennett V.A., Doerr V.A.J., Doerr E.D., Manning A.D., Lindenmayer D.B. & 
Yoon H-J. (In Press) Causes of reintroduction failure of the Brown 
Treecreeper: Implications for ecosystem restoration. Austral Ecology 
 
 
This thesis is submitted as a ‘thesis by publication’, therefore the primary chapters of 
this thesis are papers developed for independent publication in scientific journals. 
Hence, some repetition between papers is unavoidable. Each of the papers may 
contain slight editorial differences to align to guidelines in the relevant journal within 
which it has been submitted or accepted. Although all papers include work with 
collaborators, I carried out the vast majority of work within these publications. This 
includes the majority of the literature searches, experimental design, field data 
collection, analysis and interpretation, and writing. My supervisors Professor David 
Lindenmayer, Dr. Adrian Manning, Dr. Veronica Doerr and Dr. Erik Doerr provided 
valuable contributions, particularly through helpful discussions, providing guidance in 
the organisation of the project, assisting in designing the experiments and providing 
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editorial advice on manuscript drafts. Dr. Veronica Doerr and Dr. Erik Doerr also 
assisted in the field work, including locating and monitoring the source population, the 
capture and release of the Brown Treecreepers, and assisting in the training of 
volunteers to monitor released Brown Treecreepers. Dr. Veronica Doerr and Dr. Erik 
Doerr also provided statistical advice on papers, and performed the statistical analyses 
performed in SYSTAT 10. Dr. Hwan-Jin Yoon provided valuable statistical advice on 
the experimental design and data analysis. Dr. Yoon also conducted some of the 
statistical analyses, particularly those conducted in R.  
 
The project was conducted under a New South Wales Office of Environment and 
Heritage Scientific Licence (S12906) and Export Licence (IE095650); and a Licence 
to Import from the Australian Capital Territory Department of Territory and 
Municipal Services (LI2008330). Accessed land was a mixture of private property, 
travelling stock reserves managed by the Hume Livestock Health and Pest Authority 
and Nature Reserves managed by the Australian Capital Territory Department of 
Territory and Municipal Services. 
 
This study was conducted in strict accordance with animal ethics approval obtained 
through The Australian National University Animal Experimentation Ethics 
Committee (C.RE.55.08).  
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Abstract 
 
Species reintroductions have become an increasingly prevalent conservation tool to 
combat species decline and extinction. Reintroduction programs aspire to re-establish 
a self-sustaining population of a species in an area where the species was formally 
extant. This thesis contributes to conserving a threatened species, the Brown 
Treecreeper (Climacteris picumnus), through an experimental reintroduction, and also 
informs the effectiveness of restoration treatments in the nature reserves where 
reintroduction occurred.  
 
I first reviewed Australian species relocations published within peer-reviewed 
literature. I identified key areas where improvements to relocation programs can be 
implemented, including: (1) integrating an experimental framework; (2) strategic, 
long-term monitoring; and (3) criteria for success. These findings contributed to 
ensuring that the Brown Treecreeper reintroduction was conducted to a high standard. 
 
Seven Brown Treecreeper social groups (43 individuals) were reintroduced into 
Mulligans Flat and Goorooyarroo Nature Reserves in the Australian Capital Territory 
in south-eastern Australia in November 2009. The reserves are the location of a large-
scale experimental restoration project. Restoration treatments include the addition of 
coarse woody debris, maintenance of variation in ground vegetation cover, and the 
installation of nest boxes. At release, 18 Brown Treecreepers were fitted with radio-
transmitters to assist daily monitoring until February 2010. Survival of individuals one 
year post-release (15% confirmed adult survival) failed to meet the pre-determined 
criteria for success (40% adult survival). Therefore, the reintroduction program cannot 
be deemed as successful.  
 
I examined the influence of experimental restoration treatments on Brown Treecreeper 
movement, habitat use and behaviour. This enabled assessment of restoration 
effectiveness and the suitability of using existing ecological knowledge to inform 
reintroduction outcomes and post-release behaviour. Brown Treecreeper movement 
characteristics were not influenced by habitat quality. Social groups showed a 
preference for settling in areas with low levels of ground vegetation cover, which 
improves ground foraging efficiency. However, the overall influence of habitat quality 
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on settlement was less than predicted. The addition of coarse woody debris benefited 
the species by increasing the probability of foraging on the ground or on logs.  
 
The amount of ground foraging by reintroduced Brown Treecreepers was less than has 
been observed in other populations. This highlights the requirement for further ground 
layer management including promoting cryptogamic crust development, improving 
leaf litter levels, and controlling grazing by native herbivores.  
 
I analysed the influences on the apparently high predation rate of Brown Treecreepers. 
There were fewer refuges in the reintroduction reserves compared to areas where birds 
were sourced, indicating a reduced ability to escape from predators. The 
reintroduction reserves also had lower quality ground foraging habitat quality. 
However, reintroduced individuals dispersed extensively and settled in higher quality 
habitat more closely resembling the source site.  
 
Results from this thesis provide crucial information regarding restoration effectiveness 
and Brown Treecreeper ecology. Whilst some restoration treatments were successful, 
there was insufficient improvement to support the species. Complete woodland 
restoration may require incorporation of finer details and more spatial variation and 
innovative methods than ordinarily considered. Unexpected results from this study 
also reinforce the importance of integrating an experimental framework to inform 
reintroduction biology.  
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Extended Context Statement 
 
Introduction 
 
Eucalypt woodlands within Australia are an extensively modified ecosystem 
(Lindenmayer et al. 2010; Yates and Hobbs 1997). Human-induced disturbances 
within this ecosystem include habitat fragmentation, habitat degradation through the 
removal of coarse woody debris, livestock grazing as well as the loss of mature trees, 
and the invasion of exotic species (Lindenmayer et al. 2010; Prober et al. 2002; 
Shorthouse et al. 2012; Watson 2011; Yates and Hobbs 1997). These habitat 
alterations are significant drivers of the decline and extinction of many native species 
(Burbidge and McKenzie 1989; Ford et al. 2001; Johnson 2006; Kingsford et al. 
2009). As such, the restoration of these ecosystems and the reduction of continuing 
threats are highly desirable (Lindenmayer et al. 2010; Manning et al. 2011).  
 
Even when traditional habitat restoration and protection activities are conducted, the 
environment may not provide habitat for some threatened species or support improved 
outcomes for biodiversity. This is particularly the case where aspects of a species’ 
biology (such as its’ dispersal ecology) or geographical barriers may prevent natural 
recolonisation into an area (Caughley and Gunn 1996). In these instances, species 
reintroduction programs may prove useful, as they have become increasingly 
prevalent within the conservation field (Bajomi et al. 2010; Godefroid et al. 2011; 
Seddon et al. 2007). Species reintroductions involve releasing individuals into areas 
where the species was previously extant, but has since become locally extinct. They 
are conducted with the aim of establishing self-sustaining populations of a species 
(IUCN 1998), that is, a population that will persist without requiring intervention by 
additional translocations of individuals of the species.  
 
Reintroduction biology is still developing as a scientific field. The use of experimental 
quantitative approaches in species reintroduction programs remains relatively 
uncommon (Paper I; Seddon et al. 2007). Therefore, there have been a number of 
international reviews recommending a more focused and systematic approach to 
species reintroductions (and other forms of species translocations) (Armstrong and 
Seddon 2008; Armstrong et al. 1994b; Dodd and Seigel 1991; Ewen and Armstrong 
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2007; Fischer and Lindenmayer 2000; Germano and Bishop 2009; Griffith et al. 1989; 
Kleiman 1989; Seddon et al. 2007; Snyder et al. 1996; Sutherland et al. 2010; Wolf et 
al. 1996). These reviews propose recommendations to improve the low success rates 
of translocations and the somewhat ad hoc approach to research. Recommendations 
include the use of an experimental framework, intensive strategic monitoring and clear 
criteria for success, all of which were incorporated within this current study.  
 
This thesis documents the reintroduction of the threatened Brown Treecreeper, 
Climacteris picumnus, into Mulligans Flat and Goorooyarroo Nature Reserves in the 
Australian Capital Territory in south-eastern Australia. The two eucalypt woodland 
nature reserves are the site of an ongoing large-scale experimental restoration project 
(Manning et al. 2011; Shorthouse et al. 2012). Habitat restoration may be a necessary 
prerequisite to species reintroductions, especially for degraded habitats (IUCN 1998). 
The success of such restoration actions, and the resulting suitability of the habitat, can 
be vital factors influencing the success or failure of a translocation (Ewen and 
Armstrong 2007; Griffith et al. 1989). 
 
This thesis aspired to aid in the conservation of an iconic woodland bird species, but 
also (through an experimental framework) to test important ecological theories that 
underpin reintroductions and assess the effectiveness of the restoration activities in the 
reserves. Brown Treecreeper social groups were released in areas that had been 
subject to different types of habitat restoration treatments, including controls. 
Releasing groups under controlled experimental conditions allowed for testing of 
hypotheses developed a priori, rather than relying on inductively forming conclusions 
(Armstrong et al. 1994b). Conducting the Brown Treecreeper reintroduction 
experimentally takes advantage of the unique opportunity to study the species in this 
context, and also increases the knowledge that can be gained from the program.  
 
This thesis is comprised of five main papers. Paper I analyses published literature on 
Australian species relocations to examine how they aligned with recommendations 
proposed by international reviews of relocations. The paper also outlines how further 
improvements can be made to how species relocation programs are performed. Paper 
II documents the Brown Treecreeper reintroduction in detail, outlining how the 
program attempted to address each of the proposed recommendations (from Paper I). 
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This paper therefore documents the procedures of the reintroduction program 
including site and species selection, capture and release protocol, short and medium-
term influences on survival, and the level of success of the program. Paper III 
examines the movement and large-scale habitat selection of radio-tracked Brown 
Treecreepers in relation to experimental habitat restoration treatments installed across 
the reintroduction reserves. Paper IV takes further advantage of the experimental 
treatments and examines how they influenced the behaviour and substrate use of 
Brown Treecreepers to analyse the interactions between restoration ecology, 
behavioural ecology and the species’ habitat use. This enabled an assessment of the 
effectiveness of restoration treatments within the reserves. Finally, Paper V examines 
in detail the mechanisms that influenced the failure of the reintroduction, which was 
due to low survival of reintroduced individuals, most likely as a result of high 
predation rates.  
 
Reintroduction study site 
 
My study area was Mulligans Flat and Goorooyarroo Nature Reserves in north-eastern 
Australian Capital Territory. These reserves are comprised of 1623 ha of partially-
modified lowland temperate woodland and dry forest (Manning et al. 2011; 
Shorthouse et al. 2012). Of this area, 1210 ha is classified as the endangered 
ecological community Yellow Box – Red Gum Grassy Woodland (Manning et al. 
2011). Mulligans Flat and Goorooyarroo Nature Reserves are the site of a large-scale, 
long-term experimental restoration project that aims to examine how to reverse the 
decline in biodiversity within Australia’s temperate woodlands (Manning et al. 2011; 
Shorthouse et al. 2012). The reserves were therefore stratified into a number of 
experimental polygons, which then received a series of experimental manipulations in 
an attempt to restore the woodland. Components of these manipulations were utilised 
in the experimental framework of this thesis. These manipulations included: (1) the 
addition of 2,000 tonnes of coarse woody debris distributed within 1 ha plots, which 
would provide foraging substrates for the Brown Treecreeper; (2) the installation of 
artificial refuges (upside-down guttering) adjacent to coarse woody debris additions to 
ensure that refuge was provided for the Brown Treecreeper by mimicking natural 
hollows, which were not abundant in the added coarse woody debris; (3) variation in 
ground vegetation cover, which was partially accomplished through areas with 
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kangaroo grazing exclosures, creating experimental polygons with either high or 
medium levels of ground vegetation cover; and (4) the installation of 216 species-
specific nest boxes. More details on the experimental framework established in the 
reserves are given in Papers II, III and IV. The arrangement of these experimental 
manipulations is presented in Figure 1.  
 
Reintroduction study species 
 
The Brown Treecreeper is a small, sedentary passerine endemic to eastern Australia. 
The species is a facultative cooperative breeder, living predominantly in gregarious 
social groups containing on average between two to seven birds (Doerr and Doerr 
2006). These social groups are comprised of a breeding pair and a number of young 
offspring that have delayed dispersal (Doerr and Doerr 2006; Noske 1991). Female 
offspring tend to disperse earlier and further than males (Cooper and Walters 2002a; 
Noske 1980). Group composition is an important aspect of Brown Treecreeper 
ecology. Larger groups have been documented to achieve higher reproductive success 
than smaller groups (Cooper et al. 2002; Doerr and Doerr 2007; Doerr et al. 2006).  
 
The Brown Treecreeper inhabits woodlands or forests dominated by eucalypts, 
especially rough-barked eucalypts such as stringybarks or boxes (Higgins et al. 2001). 
Preference is for relatively flat open areas with short grass or bare ground, rather than 
areas with a dense shrub layer or a high, dense ground cover (Walters et al. 1999). 
Social groups occupy territories averaging 3-6 ha in size in higher quality habitat, 
ranging to as much as 10.7 ha in lower quality habitat (Cooper and Walters 2002b; 
Doerr and Doerr 2006). The Brown Treecreeper nests and roosts in naturally-
occurring hollows and tree cavities in a variety of eucalypt species (Higgins et al. 
2001). The species is almost entirely insectivorous, spending between 51% and 65% 
of foraging time on the ground (Antos and Bennett 2006; Maron and Lill 2005; 
Walters et al. 1999). They also forage on trees amongst loose bark and on logs, using 
adapted hind limbs that allow them to forage along vertical surfaces (Higgins et al. 
2001).  
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Figure 1. Mulligans Flat and Goorooyarroo Nature Reserves 
Map of the nature reserves where the Brown Treecreeper reintroduction was conducted including the boundaries of the reserves; polygons within the 
reserves including the experimental polygons with high and medium ground vegetation cover, the 1 ha coarse woody debris sites, the kangaroo 
exclusion fences, the location of species-specific nest boxes, and the release sites for the seven Brown Treecreeper social groups.  
 
There is evidence of dramatic declines in Brown Treecreeper population density as 
well as extinction of local populations in many areas, including in the Australian 
Capital Territory (Australian Capital Territory Government 1999; Barrett et al. 1994; 
Ford et al. 2001; Ford et al. 2009; Walters et al. 1999). Indeed, the species is listed as 
vulnerable in both New South Wales and the Australian Capital Territory. The main 
causes of decline for the Brown Treecreeper are considered to be habitat 
fragmentation and degradation. More specifically, these threats include the loss of tree 
hollows, logs and ground litter (Cooper and Walters 2002b; Maron and Lill 2005; 
Noske 1979), alteration of ground vegetation density (Doerr et al. 2006) and ground 
layer degradation due to intensive livestock grazing (Watson 2011). 
 
As a result of habitat degradation, it is possible that some areas may become 
population sinks. At this stage, if a population is connected to adjacent populations, 
then supplementation may be possible via natural dispersal of individuals. However, 
habitat isolation can cause disruption of dispersal (due to the species’ short-distance 
dispersal characteristics (Cooper and Walters 2002a)), eliminate the possibility for 
population rescue (sensu Brown and Kodric-Brown 1977), and further reinforce the 
effects of habitat degradation. Disruption of recruitment due to fragmentation may 
result in some groups lacking a breeding female (Cooper and Walters 2002a; Doerr 
and Doerr 2006; Walters et al. 1999). This may be particularly the case if fragments 
are separated by more than 1.5 km (Doerr et al. 2011). 
 
The Brown Treecreeper was last observed within Mulligans Flat and Goorooyarroo 
Nature Reserves in 2000 and 2005 respectively (Jenny Bounds, Canberra 
Ornithologists Group, personal communication). Prior to gazettal, these areas were 
subjected to a variety of degrading processes such as livestock grazing, the invasion of 
exotic species, pasture improvement, the loss of mature trees and the removal of logs 
for firewood (McIntyre et al. 2010; Shorthouse et al. 2012). These processes likely 
contributed to habitat degradation for the Brown Treecreeper by reducing the quality 
of the ground layer and the abundance of invertebrate prey, reducing the density of 
coarse woody debris used as refuges from predators and foraging substrates, and 
reducing the density of tree hollows for nesting and roosting (Barton et al. 2009; 
Driscoll et al. 2000; Evans et al. 2003; Gilroy et al. 2008; Watson 2011). The 
restoration treatments within the reserves were considered beneficial in ameliorating 
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previous habitat degradation and controlling the causes of decline for the Brown 
Treecreeper (detailed in Paper II). Therefore, this species is an ideal focal species to 
test the effectiveness of these restoration treatments, particularly through 
examination of Brown Treecreeper behaviour and substrate use in relation to these 
treatments (Paper IV) and their movement and habitat selection (Paper III). 
 
Methodology and summary of outcomes 
 
Paper I is a literature review of published Australian species relocations. I identified 
54 Australia species relocation programs through database searches and searches of 
specific journals. I then assessed how these programs performed in relation to 
guidelines and standards proposed by previous international studies (e.g. Armstrong 
and Seddon 2008; Armstrong et al. 1994b; Ewen and Armstrong 2007; Fischer and 
Lindenmayer 2000; Seddon et al. 2007). This included determining whether 
experimental quantitative approaches were used or detailed long-term monitoring 
was conducted. Analyses of these species relocation programs identified that only 
twenty-five (46%) of the programs claimed success, with a lack of effective predator 
control recognised as contributing to the failure of 14 programs.  
 
There was considerable variation in the quality of species relocation programs in 
relation to key features such as whether the program integrated experimental 
approaches with testable hypotheses, whether there were explicit statements of 
criteria for success, whether suitable habitat was identified for the release site, and 
whether long-term monitoring was conducted. Although there were examples of 
well-organised and successful relocations within the literature, I proposed guidelines 
to improve the scientific rigour and success rates of species relocation programs. I 
also highlight the importance of publishing these programs within peer-reviewed 
scientific literature.  
 
Paper I clearly defined the term “relocations” and used the term as a collective 
expression for reintroductions, supplementations and conservation introductions. 
However, I am aware of new IUCN Guidelines for Reintroductions and Other 
Conservation Translocations that are currently pending approval. These guidelines 
will use “translocation” as the over-arching term for the human-mediated movement 
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of organisms. I have therefore used the term “translocation” where applicable 
throughout the remaining Papers of my thesis. 
 
Papers II to V focus more specifically on the first experimental reintroduction of the 
Brown Treecreeper. Brown Treecreeper social groups were sourced from wild 
populations in south-eastern New South Wales, south-east of Wagga Wagga, 
approximately 200 km west of the reintroduction site. These populations had been 
studied since 2005 (Doerr et al. 2011) and were extensively surveyed in October 
2008 as part of the preparation for this project. Based on this knowledge, the 
populations were considered sufficiently stable and large enough (being comprised 
of approximately 127 social groups) to allow for the removal of some individuals 
without compromising the stability of the populations (Bennett 2009). Target social 
groups were each captured, transported and released within Mulligans Flat or 
Goorooyarroo Nature Reserve within one day to minimise handling times. I released 
seven social groups between 16 November and 1 December 2009. Each Brown 
Treecreeper social group was released within a unique experimental polygon 
representing a combination of specific experimental treatments applied across the 
nature reserves (medium or high level of ground vegetation cover, and presence or 
absence of species-specific nest boxes). After release, Brown Treecreepers were 
monitored extensively on a daily basis until February 2010. Eighteen Brown 
Treecreeper individuals were fitted with radio-transmitters (Holohil Systems Model 
BD-2) to enable more efficient monitoring. Radio-transmitters of this kind have been 
used extensively in Brown Treecreeper studies in the past (Doerr and Doerr 2005; 
Doerr and Doerr 2006; Doerr et al. 2011; Doerr and Doerr 2002). Monthly 
monitoring of survival and reproduction was conducted until March 2011. Details of 
the capture and release procedures are given within Paper II.  
 
Paper II attempts to follow all of the guidelines proposed in Paper I, by providing 
details of the reintroduction program such as site selection and criteria for success, 
experimental analyses, as well as publication within scientific literature. The paper 
uses a robust comparison of the habitat restoration treatments present in the nature 
reserves (variations in the level of ground vegetation cover and the installation of 
nest boxes) and evaluates the influence of these treatments and demographic 
parameters on measures of reintroduction success. Though individuals lost an 
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average of 5.82% of their body weight during translocation, survival during the first 
24 hours and the first three days after release was high (93% and 91% respectively) 
and was not significantly influenced by release site habitat restoration treatments. 
There also was evidence of high levels of mortality in the first two months after 
release (30% and 23% respectively), which may be attributable to the costs of 
establishing a territory, limited habitat familiarity, or limited effectiveness of 
restoration treatments (Armstrong and Ewen 2002; Brown et al. 2008). Further, all 
known deaths of radio-tracked birds appeared to be due to predation by native birds. 
As a result of this, the program failed to meet the medium-term criteria for success of 
40% survival of reintroduced adult birds one year post-release (achieved 15% 
confirmed adult survival). Therefore, this reintroduction cannot be confirmed as 
successful. This paper presents details on all aspects of the reintroduction to provide 
vital information and lessons learned regarding procedures and unexpected 
outcomes. 
 
During the radio-tracking of released Brown Treecreepers, I recorded the locations 
of individuals to analyse their movement and territory-scale habitat selection. Paper 
III examined how variation in habitat quality due to the experimental treatments 
within the reintroduction site (the level of ground vegetation cover and the 
installation of nest boxes) influenced the movement, habitat choice and survival of 
the Brown Treecreeper.  
 
Habitat quality at the release site is recognised as being essential to the success of a 
species reintroduction program (Paper I; Ewen and Armstrong 2007; Veitch 1994; 
Wolf et al. 1998). Data examined in Paper III can address the question of whether it 
is critical to release individuals in the most optimum locations (and hence be under 
increased pressure to identify these exact locations), or whether individuals are 
capable of dispersing and actively selecting optimum habitat within the localised 
environment. Further, examining habitat selection by reintroduced Brown 
Treecreepers can assess whether detailed studies on the species in other locations are 
sufficient to predict what the most optimum habitat is. As such, the analyses 
conducted in the paper are important aspects of species reintroduction programs.  
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I constructed a variety of generalised linear mixed models and generalised linear 
models (McCullagh and Nelder 1989; McCulloch and Searle 2001) to examine the 
influence of experimental habitat treatments on search patterns, movement 
parameters and survival. I also conducted a contingency analysis to examine the 
relationship between habitat characteristics and settlement of Brown Treecreeper 
social groups. I observed extensive movements by released individuals (much 
greater than normally observed in natal dispersers (Doerr et al. 2011)) irrespective of 
the experimental treatments at the release site or an individual’s gender. The 
extensive movement by individuals may alleviate the pressure on wildlife planners to 
accurately select the most optimum release sites, as individuals are likely to be able 
to adjust their movement behaviour and find suitable habitat, even if it exists outside 
their normal dispersal distances. There was significant variation in movement 
between social groups, indicating that social factors may be a more important 
influence on movement than habitat characteristics.  
 
I found a significant effect of ground vegetation cover on the settlement of social 
groups, with higher rates of settlement and survival in areas with low ground 
vegetation cover. These areas were dry forests, rather than woodland (where the 
species typically resides). However, settlement was lowest in polygons with medium 
ground vegetation cover. I had predicted that woodland areas with lower levels of 
ground vegetation (which corresponded to polygons with medium levels of ground 
vegetation cover) would be preferred based on extensive literature on the species’ 
requirements (e.g. Cooper and Walters 2002b; Doerr et al. 2006; Walters et al. 
1999). This unpredicted result has implications for the management of highly grazed 
woodland areas (those with medium ground vegetation cover). Further, dry forest 
may actually be preferred when woodlands are degraded, which promotes further 
assessment of the effectiveness of woodland restoration. These results of extensive 
movement by many individuals and unforeseen effects of habitat characteristics, 
promote consideration of how to predict the outcome of reintroductions and the 
movement behaviour of reintroduced individuals, particularly when based on current 
knowledge of species’ ecology.  
 
During radio-tracking, I recorded observations of Brown Treecreeper behaviour and 
microhabitat use (detailed in Paper IV). I initially ensured that there was no effect of 
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the reintroduction process itself on the behaviour and microhabitat use of released 
individuals. This was conducted by comparing behaviour and microhabitat use 
recorded before and after an “adjustment period”, which was defined as the time 
taken for a social group to settle and establish a home range (calculated in Paper III). 
I then examined how the experimental restoration treatments within Mulligans Flat 
and Goorooyarroo Nature Reserves (the addition of coarse woody debris, variations 
in the level of ground vegetation cover and nest box installation) influenced Brown 
Treecreeper behaviour and microhabitat use (Paper IV). Due to the restoration 
activities within the reserves, this paper was able to take advantage of the unique 
opportunity to understand the interactions between restoration ecology, behavioural 
ecology and the species’ habitat use, topics which are typically studied separately. 
This represented a novel way to use the Brown Treecreeper as a bio-indicator to 
evaluate the success of the restoration treatments (see Ortega-Álavarez and Lindig-
Cisneros 2012).  
 
Paper IV identifies the value of the addition of coarse woody debris within the 
reserves through its positive effect on the probability of individuals foraging on a log 
or on the ground. However, variations in the level of ground vegetation cover did not 
affect behaviour and substrate use. This was contrary to predictions that ground 
vegetation cover would particularly influence the use of ground substrates through 
varying predation risk and prey availability. This result likely occurred due to the 
limited overall use of the ground layer. Results from this paper conflict with our 
understanding of the species based on research from extant populations, and have a 
significant impact regarding using this knowledge to inform reintroductions and 
restoration. This paper also places great emphasis on the value of applying an 
experimental framework to ecological restoration, particularly when species 
reintroductions produce unexpected outcomes. 
 
Paper V examined the key factors and mechanisms that influenced the failure of the 
Brown Treecreeper reintroduction program (the program failed to meet the 
predetermined criteria for success, as identified in Paper II). Further, we began to 
explore how habitat restoration approaches might need to be augmented to provide 
true ecosystem restoration within these reserves. Low levels of survival of 
reintroduced individuals, particularly due to apparently high predation rates by 
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native predators, was highlighted as a key factor in the failure of the reintroduction 
program in Paper II. The level of predation is an important factor in the habitat 
suitability of a reintroduction site. Paper V examines the hypotheses that 
reintroduced individuals (1) were under a greater predation pressure than individuals 
in the source population; (2) had a reduced ability to escape from predators 
compared to individuals in the source population; and (3) were exposed to areas with 
lower ground foraging habitat quality in the reintroduction reserves. I therefore 
conducted further field work to survey habitat characteristics within the source 
population as well as the release sites and settlement sites of Brown Treecreeper 
social groups within the reintroduction site. I also recorded observations of ground 
foraging behaviour and alarm calling (as an indication of predation pressure) of 
reintroduced individuals and individuals in the source population. I completed a 
variety of statistical analyses to examine variations between the source sites and the 
reintroduction sites in relation to the hypotheses.  
 
I identified a significantly lower number of log and tree refuge areas in the 
reintroduction reserves, suggesting that reintroduced individuals would be more 
vulnerable to predation due to increased distance to a refuge and also increased flight 
time to reach a refuge area (Bednekoff 1996; Kullberg and Lafrenz 2007; Lima and 
Dill 1990; Stankowich and Blumstein 2005; Walther and Gosler 2001). There were 
also higher numbers of shrubs in the reintroduction reserves, which may obstruct the 
detection of and escape from predators (Antos et al. 2008; Devereux et al. 2006; 
Doerr et al. 2006). Although I found no significant difference in the level of foraging 
on the ground between individuals in the reintroduced and source population, I did 
identify a lower ground foraging habitat quality in the reintroduction reserves. In 
particular, this was due to lower numbers of ant mounds and a lower percentage area 
of forageable ground. The work presented in Paper V revealed that Brown 
Treecreepers were able to disperse extensively throughout the reintroduction 
reserves and locate and settle in areas with generally higher quality ground foraging 
habitat. Therefore, it is likely that the negative effect of low levels of ground 
foraging habitat quality would have been most pronounced immediately after 
release.  
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Paper V emphasised the inherent complexities within species reintroduction 
programs. Despite experimental restoration activities within the nature reserves 
where reintroduction occurred, there were still deficiencies in habitat quality. 
Therefore, the habitat requires further augmentation that incorporates much finer 
details, more spatial variation and more innovative methods than have previously 
been considered before complete restoration can occur.  
 
Concluding remarks 
 
This thesis initially provides an Australian-specific review of species relocation 
programs and conducts an important assessment of how the relocations perform in 
relation to international recommendations (Paper I). The thesis then documents the 
first experimental reintroduction of the Brown Treecreeper, and one of the few 
relocations of a cooperatively breeding bird globally (see also Armstrong et al. 
1994a; Clarke et al. 2002; Komdeur 1994; Wallace and Buchholz 2001). This 
reintroduction was conducted experimentally with intensive post-release, strategic 
monitoring of released individuals. Therefore, I have not only aligned my studies 
with recommendations proposed in Paper I (as well as other international relocation 
reviews (e.g. Armstrong and Seddon 2008; Armstrong et al. 1994b; Ewen and 
Armstrong 2007; Fischer and Lindenmayer 2000; Seddon et al. 2007)), but I have 
ensured I obtained a large body of valuable new information regarding: (1) the 
procedures of species relocation programs; (2) Brown Treecreeper ecology, 
movement and behaviour; and (3) habitat restoration. This is highlighted by the 
many important (and often unexpected) results arising from this study including: (1) 
the unanticipated failure of the reintroduction despite large-scale habitat restoration 
and extensive knowledge of species ecology (documented in Paper II and further 
investigated in Paper V); (2) details of movement patterns and extensive dispersal 
(much greater than normally documented for this species) by reintroduced 
individuals (Paper III); (3) evidence for a preference for low levels of ground 
vegetation cover, which occurred in forest rather than woodland (Paper III); (4) the 
use of the Brown Treecreeper as a bio-indicator to assess restoration success through 
observing their behaviour and substrate use, which provided evidence of the benefits 
of the addition of coarse woody debris within the reserves (Paper IV); (5) little effect 
of variations in the level of ground vegetation cover on substrate use and limited 
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overall use of the ground layer by birds (Paper IV); and (6) the significance of 
predation by native predators (and the habitat features influencing this) on Brown 
Treecreeper survival (Paper V).  
 
The knowledge generated from this thesis provides valuable guidance for the 
restoration and management of Mulligans Flat and Goorooyarroo Nature Reserves, 
and other similar woodland areas. This thesis has highlighted that further restoration 
is required for the Brown Treecreeper and other similar ground-foraging insectivores 
in these reserves. This is particularly in relation to the ground layer as quality 
foraging habitat and the habitat characteristics that influence predation risk (such as 
areas of refuge and numbers of shrubs). Approaches to restoration need to consider 
subtle interactions (such as those between shrubs and predation risk) and finer details 
such as installing refuges (rather than solely nest boxes). This thesis will also be a 
valuable starting point for any future species translocations and the conservation of 
ground-foraging passerines such as the Brown Treecreeper.  
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The mammalian predator-proof fence around Mulligans Flat Nature Reserve -  
the beginnings of species reintroductions 
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Paper I: An assessment of scientific approaches 
towards species relocations in Australia 
 
 
 
This chapter has been published within the journal Austral Ecology as:  
Sheean V.A., Manning A.D. & Lindenmayer D.B. (2012) An assessment of scientific 
approaches towards species relocations in Australia. Austral Ecology 37, 204-215. 
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Abstract 
 
Species relocation programs are increasingly performed with the intention of 
establishing a self-sustaining population of threatened or declining native species. 
However, the use of experimental quantitative approaches in species relocation 
programs is still relatively uncommon, despite a number of international studies 
recommending clear guidelines and standards. This paper evaluates species relocation 
programs conducted within Australia to assess how programs performed in relation to 
such standards. The search techniques identified 54 species relocation programs, the 
majority of which were reintroductions (52%) and supplementations (30%). Only 
twenty-five (46%) of the species relocation programs claimed success, with a lack of 
effective predator control recognised as contributing to the failure of 14 programs. 
There was considerable variation in the quality of species relocation programs in 
relation to key features such as whether the program integrated experimental 
approaches with testable hypotheses, whether there were explicit statements of criteria 
for success, whether suitable habitat was identified for the release site, and whether 
long-term monitoring was conducted. We propose guidelines to improve scientific 
rigour and success rates of species relocation programs. 
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Introduction 
 
Species relocations are becoming progressively more prevalent and important in 
conservation worldwide (Bajomi et al. 2010; Godefroid et al. 2011; Seddon et al. 
2007). They are performed in numerous countries on a wide range of species 
including plants (Godefroid et al. 2011), amphibians and reptiles (Dodd and Seigel 
1991; Germano and Bishop 2009); although, there is a taxonomic bias in the species 
represented in relocation projects, particularly with high numbers of relocations of 
mammals and birds in comparison to other taxa (Bajomi et al. 2010; Fischer and 
Lindenmayer 2000; Seddon et al. 2005).  
 
Recent discussions have considered the use of species relocations in cases where 
human-induced threats such as climate change may cause shifts in species habitats and 
the eventual loss of species (Hoegh-Guldberg et al. 2008; Richardson et al. 2009; 
Seddon 2010). There is currently debate regarding the risks of such assisted 
colonisations (Ricciardi and Simberloff 2009; Seddon et al. 2009). However, with 
careful consideration and adherence to a decision-making framework, these 
relocations may contribute to halting species decline.  
 
Species decline and extinction are critical issues in conservation biology both within 
Australia and internationally (Kingsford et al. 2009). Australia has seen significant 
declines and extinctions of many taxa including mammals, birds, amphibians and 
plants (Burgman et al. 2007; Ford et al. 2001; Ford et al. 2009; Johnson 2006; 
Montague-Drake et al. 2009; Murray and Hose 2005; Recher 1999; Short and Smith 
1994). The significant drivers of mammal and bird extinctions include many direct 
and indirect effects from humans: predominantly the introduction of predators such as 
foxes and cats, the introduction of competitors such as grazing cattle and rabbits, and 
habitat loss and degradation (Burbidge and McKenzie 1989; Ford et al. 2001; Johnson 
2006; Kingsford et al. 2009). Similarly, habitat modification has contributed to the 
status of many threatened plant and amphibian species (Burgman et al. 2007; Hero 
and Morrison 2004), with both groups of taxa influenced by additional factors such as 
environmental conditions (Burgman et al. 2007) and disease (Murray and Hose 2005), 
which is particularly important for amphibians (Germano and Bishop 2009). 
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The conventional methods for addressing the problems of population decline and 
extinction, such as habitat protection and restoration, are not always sufficient to 
enable the recreation of functioning ecosystems, or redress population declines 
(Caughley and Gunn 1996). This is particularly the case where aspects of a species’ 
biology or geographical barriers are likely to prevent natural recolonisation of an area 
once local extinction has occurred, or prevent sufficient levels of dispersal to reinforce 
an extant but small or isolated population. Furthermore, habitat fragmentation may 
prevent species from shifting their distributions to new suitable habitats in the face of 
a changing climate, and hence relocating individuals may be required (Manning et al. 
2009). Therefore, species relocations, such as reintroductions, population 
supplementations and conservation introductions, are important tools because they are 
conducted with the intention of establishing a self-sustaining population of a 
threatened or declining native species (Fischer and Lindenmayer 2000). 
 
Despite the increasing incidence of species relocations (Bajomi et al. 2010; Seddon et 
al. 2007), the use of experimental quantitative approaches in such activities is still 
relatively uncommon (Seddon et al. 2007). Despite some reports of increases in 
success rates (e.g. in amphibian and reptiles (Germano and Bishop 2009)), previous 
global reviews of species relocation studies have identified a need to improve 
currently low success rates and progress reintroduction biology as a field through such 
measures as increased resourcing of programs, detailed long-term and strategic 
monitoring, as well as the consistent use of clear objectives and experimental designs 
(Armstrong and Seddon 2008; Armstrong et al. 1994; Dodd and Seigel 1991; Ewen 
and Armstrong 2007; Fischer and Lindenmayer 2000; Germano and Bishop 2009; 
Griffith et al. 1989; Kleiman 1989; Seddon et al. 2007; Snyder et al. 1996; Sutherland 
et al. 2010; Wolf et al. 1996). Improvements in species relocations will also allow for 
the application of relocation techniques in more difficult or complex situations. It is 
therefore helpful to determine how Australian species relocation programs are 
performing in relation to incorporating recommendations and prerequisites argued by 
previous authors (Table 1).  
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Table 1. Recommendations proposed in previous international reviews of species 
relocation programs (Armstrong and Seddon 2008; Armstrong et al. 1994; Dodd and 
Seigel 1991; Ewen and Armstrong 2007; Fischer and Lindenmayer 2000; Germano and 
Bishop 2009; Griffith et al. 1989; IUCN 1998; Kleiman 1989; Seddon et al. 2007; Snyder 
et al. 1996; Sutherland et al. 2010; Wolf et al. 1996). 
 
 
1. Clear reporting of the outcome of the program, including a priori specification of criteria 
for success 
2. Integration of a designed experimental framework into relocation studies to systematically 
gain valuable knowledge by testing hypotheses 
3. Detailed strategic, long-term monitoring of released individuals. Where appropriate 
monitoring of the source population should also be undertaken 
4. Hypothesising and identification of suitable habitats for release 
5. Hypothesising the identification of previous causes of decline, followed by the control or 
elimination of previous causes of decline 
6. Guarantee of adequate funding and resources 
7. Publication of results in widely accessible locations 
 
 
 
Such recommendations that were assessed in our paper include the clear reporting of 
the outcome of the program (see Point 1 in Table 1), as well as specification of criteria 
for success. Including criteria for success is important to create a degree of 
consistency between programs and to install definitive objectives over various time 
periods. Conducting relocation programs within an experimental framework (Point 2 
in Table 1) provides for clear testing of hypotheses leading to strategic and efficient 
monitoring of releases (Armstrong and Seddon 2008), and can result in valuable 
responses to scientific questions. Hence, monitoring of the released individuals is also 
vital to answer scientific questions, guide successful strategies, and evaluate the 
progress of the program. Long-term monitoring (Point 3 in Table 1) is important, 
particularly for long-lived species (Dodd and Seigel 1991), as the response of the 
released population may change over time (Wolf et al. 1996). It is also recommended 
that the hypothesised habitat requirements of the species are satisfied (Point 4 in Table 
1) as best as possible to support survival and reproduction. In addition, a species 
relocation program provides a unique opportunity to experimentally assess the habitat 
requirements of the species in order to best inform future conservation efforts. 
Similarly, relocation programs should only be attempted if the hypothesised original 
cause(s) of decline for the species are identified and controlled (Point 5 in Table 1), as 
this is a critical factor to the success of the program (Ewen and Armstrong 2007; 
Veitch 1994; Wolf et al. 1996). The guarantee of adequate funding and support (Point 
6 in Table 1) is vital in such an expensive and extended exercise, hence the 
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publication of scientific costings for a program will assist in the planning stages of 
future releases. Finally, publication (Point 7 in Table 1) has been recognised as an 
essential, and under-utilised, resource to distribute knowledge from relocations and 
thus improve the discipline of reintroduction biology (Sutherland et al. 2010). 
 
Despite the fact that a number of global reviews have been conducted on species 
relocations in the past (Armstrong and Seddon 2008; Armstrong et al. 1994; Dodd and 
Seigel 1991; Ewen and Armstrong 2007; Fischer and Lindenmayer 2000; Germano 
and Bishop 2009; Griffith et al. 1989; Kleiman 1989; Seddon et al. 2007; Snyder et al. 
1996; Wolf et al. 1996), there is no assessment of Australian species relocations that 
covers all relocated native species that appear in the peer-reviewed literature. Such an 
assessment is required to elucidate influences that are specific to the successful 
relocation of the many unique species in the ecosystems of this continent. Publication 
in peer-reviewed literature is critical because it is the most efficient and rigorous way 
of transferring information to other groups planning relocations. In this paper, we 
examine the peer-reviewed literature on Australian reintroductions, supplementations 
and conservation introductions, highlighting both the achievements and short-comings 
of such programs. We assess whether Australian programs have been undertaken 
according to international recommendations, with reference to the specific suggestions 
for improvement put forward in various previously published studies (see Table 1). 
 
Methods 
 
Definition of terms 
 
We review reintroductions, supplementations and conservation introductions that have 
been conducted within Australia and its offshore islands. We use definitions from the 
IUCN (1998 p.6): (1) A reintroduction is “an attempt to establish a species in an area 
which was once part of its historical range, but from which it has been extirpated or 
become extinct”; (2) A supplementation is the “addition of individuals to an existing 
population of conspecifics”; and (3) A conservation introduction is “an attempt to 
establish a species, for the purpose of conservation, outside its recorded distribution 
but within an appropriate habitat and ecogeographical area”. Throughout this paper, 
we combine these definitions under the collective term of ‘species relocations’.  
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It should be noted however, that the movement of individuals or populations of a 
species has generally been described using the overarching term ‘translocation’. It is 
therefore a relatively prevalent term used within scientific literature documenting 
species relocations, and constitutes a useful search term for the assessment we have 
conducted in this paper. However, the use of this term has not always been aligned 
with the more restricted definition by the IUCN (1998 p.6) as a “deliberate and 
mediated movement of wild individuals or populations from one part of their range to 
another” (italics added). Therefore, this term does not technically encompass all types 
of relocations, which would result in the exclusion of numerous vital studies that 
involve the movement of captive-to-wild individuals (e.g. Ebner et al. 2007; Hardman 
and Moro 2006; Pyke et al. 2008) and movement outside the original known range of 
the species for conservation purposes (e.g. Danks 1997; Pople et al. 2001). As such, 
although we used ‘translocation’ as a search term due to its common usage, we 
categorised the studies we located in the literature as either a reintroduction, 
supplementation or conservation introduction.  
 
Literature search 
 
We searched the published scientific literature using two techniques, (1) database 
searches, and (2) searches of specific journals. We searched three major databases 
during March 2009: Wiley Interscience, Sciencedirect and ISI Web of Knowledge. 
We searched each database using the terms ‘reintroduc*’ OR ‘translocat*’ OR ‘re-
introduc*’ AND ‘australia*’. We chose the terms ‘reintroduc*’ and ‘translocat*’ due 
to their common usage in the literature, and since they are not frequently used as a 
general term within other disciplines. We searched for these terms under ‘full 
text/abstract’ in Wiley Interscience, ‘abstract, title, keywords’ in Sciencedirect, and 
‘topic’ in ISI Web of Knowledge, which includes title, abstract, author keywords and 
keywords plus®.  
 
We conducted searches using online journal home pages and journal hard copies 
(when available) for Pacific Conservation Biology, Australian Mammalogy, 
Australian Wildlife Research, Austral Ecology, Australian Journal of Zoology, 
Restoration Ecology and Australian Zoologist to ensure widespread coverage of 
Australia-specific journals. In addition, we conducted a search of all articles within the 
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edited book “Reintroduction biology of Australian and New Zealand fauna” (Serena 
1994); a major edited work on reintroductions in Australasia. Finally, we completed 
searches of the reference lists of all identified journals for any additional relevant 
studies. 
 
The papers we identified through this literature search were included for subsequent 
analyses only if they were peer-reviewed and reported on the actual performance of a 
species relocation program, including some form of assessment of success. Therefore, 
papers documenting studies on a population previously relocated, where the relocation 
itself was not documented in that paper, were not included in our study. We included 
papers if they reported a species relocation conducted for conservation purposes, 
usually to establish/aid a population or to provide knowledge to better conduct or 
understand species relocations through a trial relocation framework.  
 
Review of Literature 
 
We collated literature according to a set of specific questions (Table 2). We framed 
these questions using recommendations proposed in previous international reviews 
(see Table 1) to include an examination of: (1) general trends in Australian species 
relocation programs, such as the type of relocation and where individuals were 
sourced from; (2) the reporting of the outcome of the program; (3) the integration of a 
designed experimental framework within the program; (4) the monitoring protocol; (5) 
the suitability of the host environment; (6) attempts to address the hypothesised causes 
of decline of the species; and (7) funding and resources. We used our results of the 
assessment to identify both areas that are receiving recognition and those that require 
improvements in Australian species relocation programs. This was conducted to 
increase the success and knowledge gained from such programs in the future.  
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Table 2. Questions asked of species relocation programs reviewed in this paper, based on 
recommendations proposed in previous international reviews of species relocation 
programs. 
 
 
General Trends: 
o Was the program a reintroduction, supplementation, conservation 
introduction or a combination? 
o What was the relocation species taxa and was the species threatened? 
o What organisations were involved in conducting the species relocation 
program?  
o Where were the relocated individuals sourced from? 
 
Clear reporting of the outcome of the program, including a priori specification of criteria for 
success: 
o Was the species relocation program reported as successful, unsuccessful, 
inconclusive, or not stated? 
o Were ‘criteria for success’ clearly stated? 
o What factors were identified as influencing the success or failure of the 
program? 
 
Integration of a designed experimental framework into relocation studies to systematically 
gain valuable knowledge through testing hypotheses: 
o Was the program conducted within a designed experimental framework? 
 
Detailed long-term monitoring of released individuals. Where appropriate monitoring of the 
source population should also be undertaken: 
o What was the length of monitoring after release? 
 
Identification of suitable habitats for release: 
o What factors influenced how the host site was chosen? 
o Was the habitat altered to improve its suitability? 
 
Identification and control or elimination of previous causes of decline: 
o Did the program hypothesise causes of decline and did the program attempt 
to control or eliminate the species original cause of decline (in the case of a 
threatened species)? 
 
Guarantee of adequate funding and resources 
o Did the program identify the overall cost of the program? 
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General Discussion 
 
We identified 54 articles, which documented 54 species relocation programs (see 
Appendix A and Appendix B). This accounted for one or more articles reporting on 
the same relocation program (e.g. Backhouse et al. 1994; Dufty et al. 1994; Winnard 
and Coulson 2008), or an article reporting on more than one relocation program in the 
case of papers by Short et al. (1992) and Morgan (1999). We recognise that there were 
numerous published Australian species relocation programs, particularly those in the 
“grey literature”, that were not detected by the search methods we utilised for this 
paper, and hence were not included in our assessment.  
 
General Trends 
 
Most of the species relocation programs conducted were reintroductions (28), with the 
remaining being supplementations (16), conservation introductions (5) or a 
combination of these resulting from releases of the one species in different areas (5) 
(Figure 1a). Mammals (25) and plants (13) accounted for 70% of all relocation 
programs, with birds (9), amphibians (3), fish (2) and invertebrates (2) accounting for 
the remainder (Figure 1b). The majority of species relocated were considered 
threatened or rare at the time of relocation (including 18 mammal species, seven bird 
species and more than 14 plant species within 47 programs), with nine relocation 
programs relocating common (or non-threatened) species as one of (or the only) 
species relocated (two animal species and more than 38 plant species). The relocation 
of non-threatened species was predominantly for the purpose of trialling appropriate 
methods of relocation or examining factors influencing relocation success (Batty et al. 
2006; Campbell and Croft 2001; Johnston and Clark 2007; Scade et al. 2006; Suckling 
and Macfarlane 1983; West et al. 1990; Windsor and Clements 2001; Yates et al. 
2000).  
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(a) 
 
(b) 
 
(c) 
 
 
Figure 1. General trends in Australian species relocation programs. (a) The purpose of 
species relocation programs. (b) The taxonomic groups for species relocated. (c) The 
origin of the relocated individuals. 
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Thirty-eight (70%) of the species relocation programs included the involvement of a 
government organisation (identified through paper authorship or acknowledgements), 
whereas only 14 (26%) programs identified the involvement of a university. 
Conservation organisations were mentioned in only five programs, whereas local 
communities were involved in eight programs (usually identified in the body of the 
paper or the acknowledgements).  
 
Relocated individuals were predominantly sourced from captive-bred populations (21 
programs, 39%) or from wild populations (17 programs, 31%) (Figure 1c). A further 
two (4%) programs used semi-wild individuals that had been born within large fenced 
exclosures, three (6%) programs used wild-caught animals reared in captivity, seven 
(13%) programs used a combination of both wild and captive sourced animals, and 
four (7%) programs relocated individuals from an unspecified source. 
 
Reporting the outcome of the program 
 
We classified each species relocation program according to its outcome as stated by 
the authors; that is, whether the program was a success, a failure, the result was not 
stated, or the result was inconclusive. In this review, if a species relocation program 
involved more than one release of which at least one was considered successful, then 
the overall program was deemed successful. Twenty five (46%) species relocation 
programs claimed success, with eleven (20%) admitting failure, nine (17%) stating 
inconclusive results, and a further nine (17%) programs not stating any results 
regarding success (Figure 2).  
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Figure 2. Assessment of the outcome stated by 54 Australian species relocation 
programs.  
 
 
However, there is no general agreement on the definition of success for species 
relocation programs (Dodd and Seigel 1991; Seddon 1999). Furthermore, a clear 
definition was rarely stated in the programs themselves. The aim of programs was 
often no more explicit than to establish a viable, self-sustaining population. While this 
is a common aim, particularly for reintroductions (IUCN 1998), it is not specific 
enough to allow for testing of performance relative to measurable objectives. In fact, 
the International Union for Conservation of Nature (1998) argues that reintroductions 
should identify robust measures of success over both the short and long-term (often 
termed criteria for success) as well as a prediction of the duration of the program. 
However, few species relocation programs conform to this requirement. 
 
Nine (17%) species relocation programs identified the criteria for success in their 
studies. However, only three relocation programs clearly identified both short and 
long-term criteria for success involving measurable values (Backhouse et al. 1994; 
Moro 2003; Richards and Short 2003). In particular, Richards and Short (2003) 
outlined five criteria based upon the survival of released individuals after one and six 
months, followed by reproduction from released individuals and their offspring. That 
study also stated a long-term goal of successful reproduction of animals followed by 
two years of population increase (Richards and Short 2003).  
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Failure to present clear criteria for success may undermine the validity of claims of 
success through the possibility of declaring success too early, based on preliminary or 
inadequate data. This is particularly the case in programs lacking long-term criteria, 
because success may change over time or may even be unknown at the time of 
publication (Fischer and Lindenmayer 2000; Wolf et al. 1996). Therefore, there is a 
need for species relocation programs to clearly state criteria for success, over a range 
of time periods, to allow for transparent measurement and evaluation of the program’s 
progress. These criteria should be derived from previous knowledge on the biology of 
the particular species, including survival rates and reproductive rates, which can then 
be appropriately adjusted to realistic expectations for a relocated population. 
 
We further examined species relocation programs that explicitly stated their success or 
failure, to determine whether they identified factors that potentially influenced their 
outcome. Suitability (or lack of suitability) of release habitat influenced the success of 
eight (15%) species relocation programs (Figure 3a), and the failure of six (11%) 
programs (Figure 3b). Effective predator control was identified as a cause of success 
in eight (15%) studies, but failure to control predators was implicated in the failure of 
14 (26%) programs. Of these 14 programs, five programs did not attempt to control 
predators at the commencement of, or throughout the program, while five programs 
controlled the introduced Red Fox (Vulpes vulpes), only to have individuals preyed on 
by other species such as feral Cats, dogs or birds of prey. The incidence of success 
was also influenced by effective management and organisation of the program (two 
programs), removal of competitors (three programs) and the type of release program 
(seven programs). Factors influencing the failure of programs also included poor 
management regimes such as a lack of financial and other resources (two programs), 
and environmental factors, such as drought (three programs).  
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(a) 
 
 
(b) 
 
 
Figure 3. Summary of the frequency of various factors implicated in influencing the (a) 
success or (b) failure of Australian species relocation programs. 
 
 
 
Integration of a designed experimental framework 
 
The use of an experimental framework as part of species relocations has been widely 
advocated recently, following the trend for early relocations providing only 
descriptive accounts and addressing questions retrospectively, often based only upon 
data obtained haphazardly (Armstrong and Seddon 2008; Armstrong et al. 1994; 
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Sarrazin and Barbault 1996; Seddon 1999; Soderquist 1994). Only 28 (52%) species 
relocation programs were conducted within a designed experimental framework to test 
particular hypotheses. Many of these programs relocated plant species (10), showing 
that almost all of the plant relocation programs had an experimental basis (77%). In 
contrast, only nine out of the 25 mammal programs (40%) were conducted 
experimentally. Contrasts examined in experimental releases of mammals included 
comparing hard and soft release techniques (e.g. Clarke et al. 2002; Hardman and 
Moro 2006), the release of wild or captive-bred individuals (e.g. Ebner and Thiem 
2009; Pople et al. 2001) and with-holding or providing supplementary food (e.g. 
Priddel and Wheeler 1994). Experimental relocations of Australian flora typically 
examined the effect of the type of founder propagule (e.g. Jusaitis and Polomka 2008) 
and the effects of threatening processes such as weeds and grazing on success (e.g. 
Jusaitis 2005; Jusaitis et al. 2004; Scade et al. 2006).  
 
Experimental releases should be based upon clear hypotheses and associated 
treatments or contrasts to test the hypothesis. The lack of a designed experimental 
framework greatly limits the knowledge gained from relocations and also limits 
opportunities to study the behaviour and biology of the relocated species (Sarrazin and 
Barbault 1996). 
 
The results from experimental designs applied in the Australian species relocation 
programs that we assessed can often be relevant more broadly to relocations of similar 
species. For example, Jusaitis (2005) found that microsite, herbivore grazing and weed 
competition influenced plant survival, and hence suggested that these factors be 
considered in other plant relocations. However, we recognise that replicated 
experiments may be particularly difficult with threatened species, and for this reason 
other approaches can be considered such as trial releases to improve procedures, or 
adaptive management so that management decisions are frequently reviewed after 
providing information (Seddon et al. 2007).  
 
Monitoring protocol 
 
Strategic and well-designed monitoring of relocated populations over both the long 
and short-term are important features of relocations, particularly as long-term 
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monitoring is often poor (Ewen and Armstrong 2007; Griffith et al. 1989). Monitoring 
is vital for testing experimental hypotheses, analysis of the response of the relocated 
species to the relocation process and the determination of success, including an 
indication of why the relocation was successful or not (Lindenmayer and Likens 
2010).  
 
The length of monitoring described within species relocation programs varied greatly. 
Most relocation programs (31, 57%) presented data on monitoring conducted within 
three years, with nine (17%) programs supporting monitoring of released individuals 
for less than one year. Longer term monitoring (ranging from three to six years) was 
conducted in eight (15%) programs, a further eight (15%) programs completed 
monitoring for six to ten years, and seven (13%) programs conducted monitoring for 
more than 10 years. It is likely, however, that a large number of relocation programs 
(particularly those performed more recently) are conducting ongoing monitoring. For 
example, results from monitoring of the Greater Bilby (Macrotis lagotis) released in 
Arid Recovery in 2000 were only reported for a period of 1.5 years to late 2001 
(Moseby and O'Donnell 2003). However, further information on excavation activity 
by the species in the area was collected during 2003 (James and Eldridge 2007). In 
addition, there was often a time lag between the collection of data and the publication 
of results. Therefore, our results are not necessarily an absolute measure of the level of 
monitoring conducted in Australian species relocations but do provide an indication of 
monitoring activity. Consequently, we suggest that articles that document species 
relocations communicate the planned length of the study, including any future 
monitoring to be conducted and its intended duration. 
 
Monitoring of the source population is an important aspect of a species relocation 
program to assess the health of the populations and ensure sustainable harvesting 
(Dimond and Armstrong 2007). Only two (4%) species relocation programs referred 
to monitoring of the source population in the incidence of wild-sourced individuals 
(Danks 1994; 1997; Priddel et al. 2006). Such monitoring included the analysis of 
subsequent rates of breeding and rate of population increase in the source populations. 
The consequences of failing to examine source populations can result in removals 
contributing to the decline or extinction of a population, as was the case with a 
population of the Eastern Barred Bandicoot (Perameles gunnii) at Woodlands Historic 
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Park, Victoria (Todd et al. 2002). Monitoring of this type should also be applied in 
programs where individuals are sourced from a captive population, particularly as the 
maintenance of captive populations can be costly. 
 
Suitability of the Host Environment 
 
The habitat quality at the release site is a vital factor influencing the success or failure 
of relocations (Dodd and Seigel 1991; Ewen and Armstrong 2007; Griffith et al. 1989; 
Kleiman 1989; Veitch 1994). Habitat quality should include all conditions necessary 
for the survival and persistence of a species such as food availability, provision of 
shelter and an appropriate level of predation. However, the influence of habitat 
suitability on site choice was mentioned specifically in only 23 (43%) species 
relocation programs. This finding is surprising given that habitat suitability is one of 
the primary considerations for any movement of individuals (IUCN 1998), and it is 
generally accepted that relocations should not be conducted if a species’ habitat 
requirements are not satisfied. Furthermore, the importance of habitat suitability has 
been demonstrated through studies such as: (1) Moorhouse et al. (2009) who 
documented different survival and establishment rates of the Water Vole (Arvicola 
terrestris) released in sites of varying habitat suitability; and (2) Armstrong et al. 
(2007) who showed that management actions such as the manipulation of food 
availability over time and space can improve the habitat suitability for reintroduced 
New Zealand Hihi (Notiomystis cincta). 
 
When specified, host sites for species relocation programs were generally chosen due 
to their secure protection status as a part of a reserve system (27 programs, 50%), or at 
a protected field research station (5 programs, 9%). Moreover, the suitability of the 
habitat at various release sites was improved through measures such as reduction of 
grazing pressure (six programs) and supplementary feeding (19 programs) (Appendix 
C). We acknowledge that supplementary feeding may be used primarily to help the 
released animals adapt to their new environment rather than improve habitat 
suitability per se. A total of 19 (35%) programs took advantage of a relocation to 
evaluate habitat use by the relocated species, or to experimentally assess how habitat 
influenced program success. 
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In the evaluation of habitat suitability, it is important to recognise that the current 
range of a species may not necessarily reflect its habitat requirements (Veitch 1994); 
particularly if the species is declining within a given area due to other threatening 
processes. This emphasises the need for species relocation programs to experimentally 
evaluate habitat use by relocated species, preferably at multiple spatial scales 
(Finlayson et al. 2008). Species relocation programs are also advised to examine how 
habitat influences program success (which was conducted within only 19 of the 54 
programs that we reviewed). Such an assessment would provide a more solid 
foundation, not only for future relocations of species, but also general conservation 
activities for that species and its habitat.  
 
Addressing the causes of decline 
 
One of the main requirements in evaluating the suitability of a release site for 
reintroductions is hypothesising the identification of previous causes of decline, and 
hence also the elimination or reduction of these causes (IUCN 1998). Of the species 
relocation programs that we evaluated involving threatened species, 30 (64%) clearly 
hypothesised the original causes of decline for the species and attempted to eliminate 
or control these threatening processes prior to the relocation event. These programs 
included twenty (87%) of the 23 relocation programs involving threatened mammals. 
Of these 30 programs, 16 addressed the threatening processes with some degree of 
success, with the major reason for failure being ineffective control of predators (Short 
et al. 1992; Southgate 1994). A further seven species relocation programs were 
designed to identify the original causes of decline for the species (e.g. Soderquist 
1994), or to determine the influence of proposed causes of decline on the success of 
the relocation (e.g. Jusaitis and Polomka 2008). This was generally performed through 
experimental releases in different treatment areas and analysis of success across 
treatments. For example, Soderquist (1994) examined the  success of the Brush-tailed 
Phascogale (Phascogale tapoatafa) in two different habitats to provide an indirect 
indication of whether prey availability differed between habitats where the species 
currently resided and habitats where they had become locally extinct. Jusaitis and 
Polomka (2008) planted seeds and seedlings of the Whibley Wattle (Acacia 
whibleyana) within a split-plot design to determine the effect of founder propagules 
and weeds (a proposed cause of decline) on relocation success. 
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Twenty-three programs involving threatened species recognised the importance of 
dealing with introduced predators, which is a significant cause of decline for 
Australian mammals and birds (Kingsford et al. 2009; Short and Smith 1994). Of the 
programs involving threatened mammals, 87% attempted to deal with introduced 
predators. Most of these programs either released animals within mammalian 
predator-proof fences (10 programs, 21%) or on predator-free islands (seven 
programs, 15%). Programs utilising these techniques were largely successful. This 
approach is beneficial as it allows for the focus to be on the restoration of an 
ecosystem rather than a single species (Ewen and Armstrong 2007) as well as 
providing a cost-effective, consistent approach to managing programs in the area. 
However, a number of studies did not succeed in establishing a viable population due 
to other factors, such as deficiencies in fence design (and hence predator control), 
drought, overgrazing by other species, or the presence of wild dogs (Backhouse et al. 
1994; Dufty et al. 1994; Short et al. 1992; Winnard and Coulson 2008).  
 
Elimination or reduction of the influence of introduced predators is a significant pre-
requisite for species relocations (IUCN 1998) and has been confirmed as a major 
influence in Australian species relocations (Short et al. 1992). Similarly, international 
relocations must also contend with introduced mammal predators (e.g. Armstrong et 
al. 2006; Parish and Sotherton 2007; Shier and Owings 2006). More specifically, New 
Zealand fauna are particularly susceptible to introduced predators, which has resulted 
in high numbers of threatened species (Dowding and Murphy 2001; Norton 2009). As 
a consequence, many relocations in that country have taken place on offshore islands 
after the eradication of introduced pests and predators, or more recently on the 
mainland in areas within predator-proof fencing (Bellingham et al. 2010; Norton 
2009; Saunders and Norton 2001). New Zealand has a long history of conducting 
species relocations, although in contrast to Australia, more of New Zealand species 
relocations have been of birds. Such relocations have had a high success rate, with 
many avifaunal populations re-established (Armstrong and McLean 1995; Bellingham 
et al. 2010; Norton 2009; Pryde and Cocklin 1998).  
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Funding and resources 
 
Funding and resources required during a species relocation program are rarely 
reported in peer-reviewed journal articles (Fischer and Lindenmayer 2000). We 
identified only three species relocation programs that reported on the costs of the 
program. Daly et al (2008) reported a cost of $190,000, with an additional cost of 
$25,000 per year for the years 2008-2012 for the reintroduction of the Green and 
Golden Bell Frog (Litoria aurea) in New South Wales. Costs of $300,000 were 
reported for the supplementation of Lord Howe Island Woodhen (Tricholimnas 
sylvestris) populations (Miller and Mullette 1985) and $600,000 for the relocation of 
the Dibbler (Parantechinus apicalis) in Western Australia (Moro 2003). The adequacy 
(or inadequacy) or funding and resources was stated as influencing the outcome of 
four species relocation programs.  
 
Information on resources is a useful indication for future programs as to the resources 
required, particularly given that a lack of resources can influence the longevity of the 
program (Short et al. 1992), the quality and quantity of conservation management 
activities undertaken (Winnard and Coulson 2008), and hence the success of the 
program. 
 
Publication of program results 
 
Our search methods for this article identified 54 Australian relocations. However, 
previous reviews have identified a much larger number of relocations, such as Copley 
(1994) who identified translocations of 17 species of birds, 15 species of mammals 
and four species of reptiles in South Australia alone up to 1994. This indicates that 
species relocation programs that are published within accessible scientific journals are 
not necessarily an accurate representation of either the amount, or probably the 
quality, of relocations conducted in Australia. In particular, it is likely that a number 
of early programs were not published as they were not successful, and hence this may 
have resulted in an over-representation of the percentage of Australian species 
relocation programs that were successful (Fischer and Lindenmayer 2000). In 
addition, a large number of relocations have been predominantly managed by state 
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government organisations and may have the results only published in internal 
documents or “grey literature” (e.g. Mawson 2004).  
 
Studies that were not detected in this review process, particularly those that were not 
peer-reviewed, cannot effectively contribute to broader scientific knowledge because 
they are not easily accessible and measures of quality and rigour are not transparent. 
Therefore, an increased level of publication in peer-reviewed literature should be 
encouraged and even required by organisations such as funding or licensing bodies. 
Publications should include information such as: (1) details of the species’ biology 
and release site information, including attempts to improve the release site habitat and 
control previous hypothesised causes of decline; (2) clear and detailed procedures of 
the release including experimental designs; (3) criteria for success and assessment 
against such criteria; (4) comprehensive results, including aspects that were 
unsuccessful; (5) details of the monitoring protocol and expected future monitoring; 
and (6) details of funding and resources required. There are many journals available 
that accept articles on species relocations. Such standards for documentation would 
contribute toward a more complete, comparable and accessible collection of peer-
reviewed literature on Australian species relocation programs.  
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Appendix A 
 
The species relocated in the 54 Australian species relocation programs assessed in our paper, including the species relocated, the relocation 
type, and whether the program claimed to be successful, claimed to have failed, did not make any claim related to success, or stated that 
success was inconclusive and dependent on future monitoring.  
 
Program Species      Relocation type    Success  Reference 
1 Western Pebble-mound Mouse, Pseudomys chapmani Supplementation    Yes  Anstee and Armstrong 2001 
2 Eastern Barred Bandicoot, Perameles gunnii   Reintroduction    Yes  Backhouse et al. 1994; 
               Dufty et al. 1994; 
               Winnard and Coulson 2008 
3 five species of orchid     Reintroduction    Yes  Batty et al. 2006 
4 Numbat, Myrmecobius fasciatus    Reintroduction    Inconclusive Bester and Rusten 2009 
5 Orange-bellied Parrot, Neophema chrysogaster  Supplementation    Yes  Brown et al. 2004 
               Smales et al. 2000 
6 Eastern Grey Kangaroo, Micropus giganteus  Supplementation    Yes  Campbell and Croft 2001 
7 Burrowing Bettong, Bettongia lesueur   Reintroduction    Inconclusive Christensen and Burrows 1994 
 Golden Bandicoot, Isoodon auratus 
8 Black-eared Miner, Manorina melanotis   Supplementation    Inconclusive Clarke et al. 2002 
9 Brown Treecreeper, Climacteris picumnus   Supplementation    Not stated Cooper and Walters 2002 
10 Green and Golden Bell Frog, Litoria aurea   Reintroduction    Inconclusive Daly et al. 2008 
11 Noisy Scrub-bird, Atrichornis clamosus   Reintroduction and introduction  Yes  Danks 1994; Danks 1997 
12 Brush-tailed Bettong, Bettongia penicillata   Reintroduction    Yes  Delroy et al. 1986 
13 Trout Cod, Maccullochella macquariensis   Supplementation    Not stated Ebner and Thiem 2009
 
14  Trout Cod, Maccullochella macquariensis   Supplementation    No  Ebner et al. 2007 
15 Numbat, Myrmecobius fasciatus    Reintroduction    Yes  Friend and Thomas 1994 
16 Rufous Hare-wallaby, Lagorchestes hirsutus   Reintroduction    Not stated Gibson et al. 1994 
17 Turnbridge Buttercup, Ranunculus prasinus   Introduction    Inconclusive Gilfedder et al. 1997 
18 Rufous Hare-wallaby, Lagorchestes hirsutus   Reintroduction    Not stated Hardman and Moro 2006 
 Banded Hare-wallaby, Lagostrophus fasciatus 
19 Orange Encrusting Sponge, Tedania anhelans   Supplementation    Not stated Johnston and Clark 2007 
20 Monarto Mintbush, Prostanthera eurybiodes;  Reintroduction and supplementation Not stated Jusaitis 2005 
Chalky Wattle, Acacia cretacea;      
Whibley Wattle, Acacia whibleyana     
21 Corunna Daisy, Brachycome muelleri   Supplementation and translocation  Yes  Jusaitis et al. 2004 
22 Whibley Wattle, Acacia whibleyana   Supplementation    Not stated Jusaitis and Polomka 2008 
23 Rufous Hare-wallaby, Lagorchestes hirsutus   Introduction    Inconclusive Langford and Burbidge 2001 
24 Lord Howe Island Woodhen, Tricholimnas sylvestris  Supplementation    Yes  Miller and Mullette 1985 
25 Purple Copper Butterfly, Paralucia spinifera  Supplementation    Yes  Mjadwesche and Nally 2008 
26 many threatened plant species    Reintroduction    Yes  Morgan 1999 
27  many threatened plant species     Reintroduction    Yes  Morgan 1999 
28 many threatened plant species    Reintroduction    Yes  Morgan 1999 
29 Dibbler, Parantechinus apicalis    Introduction    Yes  Moro 2003 
30 Greater Stick-nest Rat, Leporillus conditor   Reintroduction    Yes  Moseby and Bice 2004 
31 Greater Bilby, Macropus lagotis    Reintroduction    Yes  Moseby and O’Donnell 2003 
32 Plains Rice-flower, Pimelea spinescens ssp. Spinescens Supplementation    Yes  Mueck 2000 
33 Bridled Nailtail Wallaby, Onychogalea fraenata  Introduction    Inconclusive Pople et al. 2001 
34 Gould’s Petrel, Pterodroma leucoptera leucoptera  Supplementation    Yes  Priddel and Carlisle 2001
 
35 Malleefowl, Leipoa ocellata    Supplementation    No  Priddel and Wheeler 1994 
36  Malleefowl, Leipoa ocellata    Reintroduction    No  Priddel and Wheeler 1996 
37 Brush-tailed Bettong, Bettongia penicillata   Reintroduction    No  Priddel and Wheeler 2004 
38 Gould’s Petrel, Pterodroma leucoptera leucoptera  Supplementation    Yes  Priddel et al. 2006 
39 Green and Golden Bell Frog, Litoria aurea   Reintroduction    No  Pyke et al. 2008 
40 Western Barred Bandicoot Perameles bougainville  Reintroduction    Yes  Richards and Short 2003 
41 six species of orchid     Reintroduction    Inconclusive Scade et al. 2006 
42 Burrowing Bettong, Bettongia lesueur   Reintroduction    Yes  Short et al. 1994; 
               Short and Turner 2000 
43 Quokka, Setonix branchyuras    Reintroduction    No  Short et al. 1992 
44 Tammar Wallaby, Macropus eugeni   Reintroduction    No  Short et al. 1992 
45 Parma Wallaby, Macropus parma    Reintroduction    No  Short et al. 1992 
46 Parma Wallaby, Macropus parma    Reintroduction    No  Short et al. 1992 
47 Banded Hare-wallaby, Lagostrophus fasciatus  Reintroduction    No  Short et al. 1992 
48 Brush-tailed Phascogale, Phascogale tapoatafa  Reintroduction    Not stated Soderquist 1994; 
               Soderquist and Serena 1994 
49 Greater Bilby, Macropus lagotis    Reintroduction    Not stated Southgate 1994 
50 Sugar Glider, Petaurus breviceps    Introduction    Inconclusive Suckling and Macfarlane 1983 
51 seagrass: Zostera capricorni and Posidonia australis  Reintroduction and supplementation No  West et al. 1990 
52 Green and Golden Bell Frog, Litoria aurea   Reintroduction and supplementation Yes  White and Pyke 2008 
53 Kangaroo Grass, Themeda triandra    Reintroduction    Yes  Windsor and Clements 2001 
54 Salmon Gum, Eucalyptus salmonophloia and four   Supplementation    Yes  Yates et al. 2000 
 associated shrub species   
 
Appendix B 
 
Details of the 54 Australian species relocation programs assessed in our paper. 
 
Anstee S. & Armstrong K. (2001) The effect of familiarity and mound condition in 
translocations of the western pebble-mound mouse, Pseudomys chapmani, in the 
Pilbara region of Western Australia. Wildlife Research 28, 135-40. 
 
Backhouse G. N., Clark T. W. & Reading R. P. (1994) Reintroductions for recovery 
of the Eastern Barred Bandicoot Perameles gunnii in Victoria, Australia. In: 
Reintroduction biology of Australian and New Zealand fauna (ed M. Serena) pp. 209-
18. Surrey beatty and Sons, Chipping Norton. 
 
Batty A. L., Brundrett M. C., Dixon K. W. & Sivasithamparam K. (2006) In situ 
symbiotic seed germination and propagation of terrestrial orchid seedlings for 
establishment at field sites. Australian Journal of Botany 54, 375-81. 
 
Bester A. J. & Rusten K. (2009) Trial translocation of the numbat (Myrmecobius 
fasciatus) into arid Australia. Australian Mammalogy 31, 9-6. 
 
Brown P. B., Holdsworth M. C. & Rounsevell D. E. (1994) Captive breeding and 
release as a means of increasing the Orange-bellied Parrot population in the wild. In: 
Reintroduction biology of Australian and New Zealand fauna (ed M. Serena) pp. 135-
42. Surrey beatty and Sons, Chipping Norton. 
 
Campbell L. & Croft D. B. (2001) Comparison of hard and soft release of hand reared 
Eastern Grey Kangaroos. In: Veterinary Conservation Biology wildlife health and 
management in Australasia. Proceedings of International Joint Conference (eds A. 
Martin and L. Vogelnest) pp. 173-80, Taronga Zoo, Sydney Australia. 
 
Christensen P. & Burrows N. (1994) Project desert dreaming: Experimental 
reintroduction of mammals to the Gibson Desert, Western Australia. In: 
Reintroduction biology of Australian and New Zealand fauna (ed M. Serena) pp. 199-
208. Surrey beatty and Sons, Chipping Norton. 
72 
Clarke M. F. & Schedvin N. (1997) An experimental study of the translocation of 
noisy miners Manorina melanocephala and difficulties associated with dispersal. 
Biological Conservation 80, 161-7. 
 
Cooper C. B. & Walters J. R. (2002) Experimental evidence of disrupted dispersal 
causing decline of an Australian passerine in fragmented habitat. Conservation 
Biology 16, 471-8. 
 
Daly G., Johnson P., Malolakis G., Hyatt A. & Pietsch R. (2008) Reintroduction of the 
Green and Golden Bell Frog Litoria aurea to Pambula on the south coast of New 
South Wales. Australian Zoologist 34, 261-70. 
 
Danks A. (1994) Noisy Scrub-bird translocations: 1983-1992. In: Reintroduction 
biology of Australian and New Zealand fauna (ed M. Serena) pp. 129-34. Surrey 
beatty and Sons, Chipping Norton. 
 
Danks A. (1997) Conservation of the noisy scrub-bird: a review of 35 years of 
research and management. Pacific Conservation Biology 3, 341-9. 
 
Delroy L. B., Earl J., Radbone I., Robinson A. C. & Hewett M. (1986) The breeding 
and re-establishment of the Brush-tailed Bettong, bettongia penicillata, in South 
Australia. Australian Wildlife Research 13, 387-96. 
 
Dufty A. C., Seebeck J. H., McKay J. & Watson A. J. (1994) Reintroduction of the 
Eastern Barred Bandicoot Perameles gunnii at Gellibrand Hill Park, Victoria. In: 
Reintroduction biology of Australian and New Zealand fauna (ed M. Serena) pp. 219-
26. Surrey beatty and Sons, Chipping Norton. 
 
Ebner B. C. & Thiem J. D. (2009) Monitoring by telemetry reveals differences in 
movement and survival following hatchery or wild rearing of an endangered fish. 
Marine and Freshwater Research 60, 45-57. 
 
73 
Ebner B. C., Thiem J. D. & Lintermans M. (2007) Fate of 2 year-old, hatchery-reared 
trout cod Maccullochella macquariensis (Percichthyidae) stocked into two upland 
rivers. Journal of Fish Biology 71, 182-99. 
 
Friend J. A. & Thomas N. D. (1994) Reintroduction and the numbat recovery 
program. In: Reintroduction biology of Australian and New Zealand fauna (ed M. 
Serena) pp. 189-208. Surrey beatty and Sons, Chipping Norton. 
 
Gibson D. F., Johnson K. A., Langford D. G., Cole J. R., Clarke D. E. & Willowra 
Community. (1994) The Rufous Hare-wallaby Lagorchestes hirsutus: a history of 
experimental reintroduction in the Tanami Desert, Northern Territory. In: 
Reintroduction biology of Australian and New Zealand fauna (ed M. Serena) pp. 171-
6. Surrey beatty and Sons, Chipping Norton. 
 
Gilfedder L., Kirkpatrick J. B. & Wells S. (1997) The endangered Tunbridge 
buttercup (Ranunculus prasinus): Ecology, conservation status and introduction to the 
Township Lagoo Nature Reserve, Tasmania. Australian Journal of Ecology 22, 347-
51. 
 
Hardman B. & Moro D. (2006) Optimising reintroduction success by delayed 
dispersal: Is the release protocol important for hare-wallabies? Biological 
Conservation 128, 403-11. 
 
Johnston E. L. & Clark G. F. (2007) Recipient environment more important than 
community composition in determining the success of an experimental sponge 
transplant. Restoration Ecology 15, 638-51. 
 
Jusaitis M. (2005) Translocation trials confirm specific factors affecting the 
establishment of three endangered plant species. Ecological Management & 
Restoration 6, 61-7. 
 
Jusaitis M. & Polomka L. (2008) Weeds and propagule type influence translocation 
success in the endangered Whibley Wattle, Acacia whibleyana (Leguminosae: 
Mimosoideae). Ecological Management & Restoration 9, 72-6. 
74 
Jusaitis M., Polomka L. & Sorensen B. (2004) Habitat specificity, seed germination 
and experimental translocation of the endangered herb Brachycome muelleri 
(Asteraceae). Biological Conservation 116, 251-66. 
 
Langford D. & Burbidge A. A. (2001) Translocation of mala (Lagorchestes hirsutus) 
from the Tanami Desert, Northern Territory to Trimoulle Island, Western Australia. 
Australian Mammalogy 23, 37-46. 
 
Miller B. & Mullette K. J. (1985) Rehabilitation of an endangered Australian bird: 
The Lord Howe Island Woodhen Tricholimnas sylvestris (Sclater). Biological 
Conservation 34, 55-95. 
 
Mjadwesch R. & Nally S. (2008) Emergency relocation of a Purple Copper Butterfly 
colony during roadworks: Successes and lessons learned. Ecological Management & 
Restoration 9, 100-9. 
 
Morgan J. W. (1999) Have tubestock plantings successfully established populations of 
rare grassland species into reintroduction sites in western Victoria? Biological 
Conservation 89, 235-43. 
 
Moro D. (2003) Translocation of captive-bred dibblers Parantechinus apicalis 
(Marsupialia: Dasyuridae) to Escape Island, Western Australia. Biological 
Conservation 111, 305-15. 
 
Moseby K. E. & Bice J. K. (2004) A trial re-introduction of the Greater Stick-nest Rat 
(Leporillus conditor) in arid South Australia. Ecological Management & Restoration 
5, 118-24. 
 
Moseby K. E. & O'Donnell E. (2003) Reintroduction of the greater bilby, Macrotis 
lagotis (Reid) (Marsupialia : Thylacomyidae), to northern South Australia: survival, 
ecology and notes on reintroduction protocols. Wildlife Research 30, 15-27. 
 
Mueck S. G. (2000) Translocation of Plains Rice-flower (Pimelea spinescens ssp. 
spinescens), Laverton, Victoria. Ecological Management & Restoration 1, 111-6. 
75 
Pople A. R., Lowry J., Lundie-Jenkins G., Clancy T. F., McCallum H. I., Sigg D., 
Hoolihan D. & Hamilton S. (2001) Demography of bridled nailtail wallabies 
translocated to the edge of their former range from captive and wild stock. Biological 
Conservation 102, 285-99. 
 
Priddel D., Carlile N. & Wheeler R. (2006) Establishment of a new breeding colony of 
Gould's petrel (Pterodroma leucoptera leucoptera) through the creation of artificial 
nesting habitat and the translocation of nestlings. Biological Conservation 128, 553-
63. 
 
Priddel D. & Carlisle L. C. (2001) A trial translocation of Gould's Petrel (Pterodroma 
leucoptera leucoptera). Emu 101, 79-88. 
 
Priddel D. & Wheeler R. (1994) Mortality of captive-raised malleefowl, Leipoa 
ocellata, released into a mallee remnant within the wheat-belt of New South Wales. 
Wildlife Research 21, 543-52. 
 
Priddel D. & Wheeler R. (1996) Effect  of age at release on the susceptibility of 
captive-reared Malleefowl Leipoa ocellata to predation by the Introduced Fox Vulpes 
vulpes. Emu 96, 32-41. 
 
Priddel D. & Wheeler R. (2004) An experimental translocation of brush-tailed 
bettongs (Bettongia penicillata) to western New South Wales. Wildlife Research 31, 
421-32. 
 
Pyke G. H., J. R., Shoulder J. & White A. W. (2008) Attempted introduction of the 
endangered Green and Golden Bell Frog to Long Reef Golf Course: a step towards 
recovery? Australian Zoologist 34, 361-72. 
 
Richards J. D. & Short J. (2003) Reintroduction and establishment of the western 
barred bandicoot Perameles bougainville (Marsupialia : Peramelidae) at Shark Bay, 
Western Australia. Biological Conservation 109, 181-95. 
 
76 
Scade A., Brundrett M. C., Batty A. L., Dixon K. W. & Sivasithamparam K. (2006) 
Survival of transplanted terrestrial orchid seedlings in urban bushland habitats with 
high or low weed cover. Australian Journal of Botany 54, 383-9. 
 
Short J., Bradshaw S. D., Giles J., Prince R. I. T. & Wilson G. R. (1992) 
Reintroduction of macropods (Marsupialia: Macropodoidea) in Australia--A review. 
Biological Conservation 62, 189-204. 
 
Short J. & Turner B. (2000) Reintroduction of the burrowing bettong Bettongia 
lesueur (Marsupialia : Potoroidae) to mainland Australia. Biological Conservation 96, 
185-96. 
 
Short J., Turner B., Parker S. & Twiss J. (1994) Reintroduction of endangered 
mammals to mainland Shark Bay: a progress report. In: Reintroduction biology of 
Australian and New Zealand fauna (ed M. Serena) pp. 183-8. Surrey beatty and Sons, 
Chipping Norton. 
 
Smales I., Brown P., Menkhorst P., Holdsworth M. & Holz P. (2000) Contribution of 
captive management of Orange-bellied parrots to the recovery program for the species 
in Australia. International Zoo Yearbook 37, 171-8. 
 
Soderquist T. R. (1994) The importance of hypothesis testing in reintroduction 
biology: examples from the reintroduction of the carnivorous marsupial Phascogale 
tapoatafa. In: Reintroduction biology of Australian and New Zealand fauna (ed M. 
Serena) pp. 155-8. Surrey beatty and Sons, Chipping Norton. 
 
Soderquist T. R. & Serena M. (1994) An experimental reintroduction program for 
brush-tailed phascogales (Phascogale tapoatafa) the interface between captivity and 
the wild. In: Creative Conservation: Interactive management of wild and captive 
animals (eds P. J. S. Olney, G. M. Mace and A. T. C. Feistner) pp. 431-8. Chapman & 
Hall, London. 
 
77 
Southgate R. I. (1994) Why reintroduce the Bilby? In: Reintroduction biology of 
Australian and New Zealand fauna (ed M. Serena) pp. 165-70. Surrey beatty and 
Sons, Chipping Norton. 
 
Suckling G. C. & Macfarlane M. A. (1983) Introduction of the Sugar Glider, Petaurus 
breviceps, into re-established forest of the Tower Hill State Game Reserve, Vic. 
Australian Wildlife Research 10, 249-58. 
 
West R. J., Jacobs N. E. & Roberts D. E. (1990) Experimental transplanting of 
seagrasses in Botany Bay, Australia. Marine Pollution Bulletin 21, 197-203. 
 
White A. W. & Pyke G. H. (2008) Frogs on the hop: translocation of Green and 
Golden Bell Frogs Litoria aurea in Greater Sydney. Australian Zoologist 34, 249-60. 
 
Windsor D. M. & Clements A. (2001) A germination and establishment field trial of 
Themeda australis (Kangaroo Grass) for mine site restoriation in the Central 
Tablelands of New South Wales. Restoration Ecology 9, 104-10. 
 
Winnard A. L. & Coulson G. (2008) Sixteen years of eastern barred bandicoot 
Perameles gunnii reintroductions in Victoria: a review. Pacific Conservation Biology 
14, 34-53. 
 
Yates C. J., Hobbs R. J. & Atkins L. (2000) Establishment of Perennial Shrub and 
Tree Species in Degraded Eucalyptus salmonophloia (Salmon Gum) Remnant 
Woodlands: Effects of Restoration Treatments. Restoration Ecology 8, 135-43. 
 
 
 
 
 
 
 
 
 
78 
Appendix C 
 
The frequency of various habitat improvement actions conducted at release sites 
of Australian species relocation programs. 
 
Habitat Improvement Number of 
programs 
 
References 
Predator control 23 Backhouse et al. 1994; Bester and Rusten 2009; 
Christensen and Burrows 1994; Daly et al. 2008; Delroy 
et al. 1986; Dufty et al. 1994; Friend and Thomas 1994; 
Gibson et al. 1994; Hardman and Moro 2006; Langford 
and Burbidge 2001; Miller and Mullette 1985; Moro 
2003; Moseby and Bice 2004; Moseby and O'Donnell 
2003; Pople et al. 2001; Priddel and Carlisle 2001; 
Priddel and Wheeler 2004; Richards and Short 2003; 
Short and Turner 2000; Short et al. 1994; Southgate 
1994; Winnard and Coulson 2008 
 
Supplementary feeding 19 Anstee and Armstrong 2001; Brown et al. 1994; 
Campbell and Croft 2001; Christensen and Burrows 
1994; Clarke and Schedvin 1997; Delroy et al. 1986; 
Gibson et al. 1994; Hardman and Moro 2006; Moseby 
and Bice 2004; Moseby and O'Donnell 2003; Priddel 
and Carlisle 2001; Priddel and Wheeler 1994; Richards 
and Short 2003; Short et al. 1994; Smales et al. 2000; 
Soderquist and Serena 1994; Southgate 1994; Suckling 
and Macfarlane 1983; Winnard and Coulson 2008 
 
Reduction of grazing 
pressure 
6 Christensen and Burrows 1994; Jusaitis 2005; Jusaitis 
and Polomka 2008; Jusaitis et al. 2004; Winnard and 
Coulson 2008; Yates et al. 2000 
 
Installation of nest boxes 5 Clarke and Schedvin 1997; Moro 2003; Priddel et al. 
2006; Priddel and Carlisle 2001; Suckling and 
Macfarlane 1983 
 
Installation of artificial 
shelters 
4 Daly et al. 2008; Dufty et al. 1994; Pyke et al. 2008; 
White and Pyke 2008 
 
Prevention of competitive 
exclusion 
3 Morgan 1999 
 
 
Ensuring essential host or 
mutualistic species are 
present 
1 Mjadwesch and Nally 2008 
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Releasing a Brown Treecreeper social group 
Photo by Peter Mills 
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Abstract 
 
Reintroductions are frequently conducted as a conservation technique to re-establish a 
self-sustaining population of a species. Despite their prevalence, few reintroductions 
have followed recent international recommendations by publishing details such as 
appropriate site selection, criteria for success, and experimental analyses. Here we 
report on the first experimental reintroduction of the Brown Treecreeper (Climacteris 
picumnus), a ground-foraging passerine. Seven social groups were released into two 
nature reserves in the Australian Capital Territory in south-eastern Australia. Using a 
robust comparison of habitat restoration treatments, we released social groups under 
controlled experimental conditions. This allowed for the testing of hypotheses 
regarding the influence of restoration treatments and demographic parameters on 
measures of success. Though individuals lost an average of 5.82% of their body 
weight during translocation, survival during the first 24 hours and the first three days 
was high (93% and 91% respectively) and was not significantly influenced by release 
site habitat treatments. There was evidence of high mortality levels in the first two 
months after release (30% and 23% respectively), but there was no influence of sex or 
age on apparent survival. These apparent losses may be attributable to longer-term 
effects of translocation stress, limited habitat familiarity, or limited effectiveness of 
restoration treatments. Although this reintroduction cannot be confirmed as 
successful, we present details on all reintroduction aspects to provide vital information 
and lessons learned regarding procedures and outcomes. 
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Introduction 
 
Many native Australian species have suffered a high rate of recent decline and/or 
extinction (Garnett et al. 2011; Kingsford et al. 2009). This trend has been 
documented for numerous taxa including mammals, birds, amphibians and plants 
(Burgman et al. 2007; Ford et al. 2001; Ford et al. 2009; Johnson 2006; Murray and 
Hose 2005; Short and Smith 1994). This can principally be attributed to the 
introduction of predators such as the Red Fox, Vulpes vulpes, and feral cats, as well as 
habitat loss and degradation (Ford et al. 2001; Johnson 2006; Kingsford et al. 2009).  
 
Reintroductions are increasingly used as a conservation strategy to combat species 
decline and extinction (Paper I; Bajomi et al. 2010; Seddon et al. 2007). A species 
reintroduction is ‘an attempt to establish a species in an area which was once part of 
its historical range, but from which it has been extirpated or become extinct’ (IUCN 
1998). This technique is particularly useful when conventional methods, such as 
habitat protection and restoration, are not sufficient to enable the recreation of 
functioning ecosystems, or redress population declines (Caughley and Gunn 1996). 
For example, the limited dispersal abilities of at least one sex of many species suggest 
that once they have become locally extinct in an area, they will be unable to recolonise 
despite habitat restoration (Cooper and Walters 2002a). 
 
With the growing prevalence of species reintroductions (Bajomi et al. 2010; 
Godefroid et al. 2011; Seddon et al. 2007), efforts have been made to introduce 
standards by which reintroductions should be conducted (Paper I; Armstrong and 
Seddon 2008; Armstrong et al. 1994b; Ewen and Armstrong 2007; Fischer and 
Lindenmayer 2000; Griffith et al. 1989; IUCN 1998; Kleiman 1989; Seddon et al. 
2007; Snyder et al. 1996; Sutherland et al. 2010; Wolf et al. 1996). Such standards 
include: (1) the hypothesising of suitable habitat for release; (2) the hypothesising and 
attempted control of original causes for decline of the study species; (3) reporting of 
the outcome against criteria for success; (4) long-term, strategic monitoring within an 
experimental framework; (5) reporting details of funding and resources required; and 
(6) the publication of results (Paper I; Armstrong and Seddon 2008; Armstrong et al. 
1994b; Ewen and Armstrong 2007; Fischer and Lindenmayer 2000; Griffith et al. 
1989; Kleiman 1989; Seddon et al. 2007; Snyder et al. 1996; Sutherland et al. 2010; 
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Wolf et al. 1996). These suggestions have been proposed in an attempt not only to 
increase the success rates of reintroductions, but also to ensure that knowledge is 
acquired and communicated from every reintroduction. Here, we address the 
suggestions listed above and as proposed in previous reviews (Figure 1). 
 
We describe the first attempt to reintroduce the Brown Treecreeper (Climacteris 
picumnus) in Australia. The Brown Treecreeper is a small native bird that has declined 
through parts of its range (Australian Capital Territory Government 1999; Barrett et 
al. 1994; Ford et al. 2001; Ford et al. 2009; Walters et al. 1999). We translocated 
individuals of this species from wild source populations south-east of Wagga Wagga 
in the eastern Murrumbidgee catchment of New South Wales (NSW), to two 
contiguous nature reserves in north-eastern Australian Capital Territory (ACT). We 
performed the reintroduction experimentally by releasing different social groups in 
areas that had been subject to different types of habitat restoration treatments, 
including controls. By releasing Brown Treecreepers under controlled experimental 
conditions we were able to test hypotheses developed a priori, rather than inductively 
forming conclusions (Armstrong et al. 1994b). We conducted the Brown Treecreeper 
reintroduction within a best-practice framework (Figure 1); however the program 
failed to meet its pre-determined medium-term criterion for success. Thus, in this 
paper, we examine factors that may have influenced the short and medium-term 
success of the reintroduction, including the translocation process itself. We conduct 
exploratory analyses to examine the hypotheses that: (1) the quality of the release site 
(in terms of experimental treatments categorising the level of ground vegetation cover 
and the presence or absence of nest boxes) influenced short-term measures of 
reintroduction success; and (2) an individual’s sex, age, social group, and whether the 
individual carried a radio-transmitter or not influenced medium-term success. Finally, 
we propose explanations for why medium-term success was not achieved and 
emphasise the importance of learning from failed, as well as successful, 
reintroductions.  
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Figure 1. Flow diagram illustrating aspects of the Brown Treecreeper reintroduction 
addressed in this article, including feedback loops. These aspects are based on 
suggestions proposed by previous international reviews on species translocations to 
promote program success and acquisition of knowledge.  
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Methods 
 
The Study Species 
 
The Brown Treecreeper is a small passerine bird endemic to eastern Australia. The 
species is listed as vulnerable under the ACT Nature Conservation Act 1980 and the 
NSW Threatened Species Conservation Act 1995 (subspecies victoriae). 
 
The Brown Treecreeper is a facultative cooperative breeder, living predominantly in 
gregarious social groups comprised of a breeding pair and a number of offspring that 
have delayed dispersal (Doerr and Doerr 2006; Noske 1991). Female offspring tend to 
disperse earlier and further than males, to find an unrelated breeding partner (Cooper 
and Walters 2002a; Noske 1980). Female dispersal distance has been documented as 
averaging 1.14 ± 1.25 km with a maximum of 4.5 km (Cooper and Walters 2002a). 
Group composition is an important aspect of the species’ ecology since larger social 
groups achieve higher reproductive success (Cooper et al. 2002; Doerr and Doerr 
2007; Doerr et al. 2006; Noske 1991). Social groups occupy territories averaging 3-6 
ha in size, ranging to as much as 10.7 ha in lower quality habitat (Cooper and Walters 
2002b; Doerr and Doerr 2006). The Brown Treecreeper nests and roosts in naturally-
occurring tree cavities in a variety of eucalypt species (Noske 1982b). The species is 
almost entirely insectivorous and spends between 51% and 65% of foraging time on 
the ground (Antos and Bennett 2006; Maron and Lill 2005; Noske 1979; Walters et al. 
1999). However, the species also forages on tree trunks, branches and on logs, with 
their legs adapted to cling to vertical surfaces.  
 
Currently, there is evidence of dramatic declines in Brown Treecreeper population 
density as well as extinction of local populations over many areas, including in the 
Australian Capital Territory (Australian Capital Territory Government 1999; Barrett et 
al. 1994; Ford et al. 2001; Ford et al. 2009; Walters et al. 1999). The main causes of 
decline for the Brown Treecreeper are considered to be habitat fragmentation and 
degradation, which are significant threats to temperate eucalypt woodlands (Yates and 
Hobbs 1997). More specifically, these threats include the loss of tree hollows (Cooper 
and Walters 2002b), coarse woody debris and ground litter (Maron and Lill 2005; 
Noske 1979), and alterations in ground vegetation density (Doerr et al. 2006). Habitat 
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fragmentation can disrupt the recruitment of juvenile females due to the species’ 
short-distance dispersal characteristics, resulting in some groups in habitat fragments 
lacking a breeding female (Cooper and Walters 2002a; Doerr and Doerr 2006; Walters 
et al. 1999). Causes of decline may also interact, as habitat degradation may cause 
population sinks, and the disruption of dispersal by fragmentation may then eliminate 
the possibility for population rescue via supplementation (sensu Brown and Kodric-
Brown 1977). Thus, the Brown Treecreeper is a species which could benefit from 
reintroduction as a conservation measure to increase the number of self-sustaining 
populations. The specific types of habitat degradation can be addressed through land 
management, but the lack of male dispersal (Doerr and Doerr 2006; Doerr et al. 2011) 
means that the species would be unlikely to naturally recolonise improved reserves 
(including the reserves within this study) making reintroduction necessary to re-
establish populations.  
 
Furthermore, the species makes a good model for studying reintroduction into restored 
habitats. This is due to several factors, including that the Brown Treecreeper is a 
ground-foraging insectivore which is a suite of woodland birds for which there is 
strong evidence of declines (Ford 2011; Ford et al. 2001; Ford et al. 2009; Watson 
2011). The rather sedentary nature of the species (Cooper and Walters 2002a; Doerr et 
al. 2011), also lowers the chance of individuals leaving the immediate area upon 
release. Finally, a suitable source population existed close to the reintroduction site, 
and from knowledge of the species’ social system and dispersal ecology we could 
safely assume that any territorial spaces left vacant should be filled by new breeders 
from adjacent groups or helpers remaining after the removal of the breeding pair 
(Doerr and Doerr 2006), thereby not eroding the integrity of the source population.  
 
Site of the reintroduction 
 
We conducted our reintroduction program at Mulligans Flat Nature Reserve and 
Goorooyarroo Nature Reserve, which are two connected reserves located in north-
eastern ACT (Figure 2). Mulligans Flat and Goorooyarroo Nature Reserves were 
established in 1995 and 2004, respectively, subsequent to the areas being managed as 
leasehold grazing land. In total, the reserves cover 1623 ha of predominantly modified 
temperate woodland and dry forest (Manning et al. 2011; Shorthouse et al. 2012). The 
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reserves contain 1210 ha of the endangered ecological community Yellow Box – Red 
Gum Grassy Woodland (Manning et al. 2011), making it the largest and most intact 
contiguous area of this community in the ACT. (Australian Capital Territory 
Government 2004). This community supports rough-barked eucalypts, which are 
frequently used by the Brown Treecreeper (Noske 1979). The reserves are bordered 
on one side by housing estates, but on other sides they are still connected to other 
woodland ecological communities comprising suitable habitat. Further, Mulligans Flat 
Nature Reserve has an 11.5 km mammalian predator-proof fence erected around its 
perimeter which excludes predators such as feral cats and the Red Fox (Vulpes 
vulpes). This will therefore allow reintroductions of locally extinct native mammal 
species such as the Eastern Bettong, Bettongia gaimardi, and the New Holland 
Mouse, Pseudomys novaehollandiae, in future years. 
 
We selected Mulligans Flat and Goorooyarroo Nature Reserves for the reintroduction 
because the reserves are protected under the ACT Land (Planning and Environment) 
Act 1991 (Section 193) and were known to have supported Brown Treecreeper 
populations, with the species disappearing from Mulligans Flat in 2000 and 
Goorooyarroo in 2005 (Jenny Bounds, Canberra Ornithologists Group, personal 
communication). Before gazettal, the area of the reserves was subjected to a variety of 
degrading processes representative of those occurring within eucalypt woodlands 
throughout Australia (Prober et al. 2002; Yates and Hobbs 1997). These processes 
included livestock grazing, the invasion of exotic species, pasture improvement 
activities, the loss of mature trees, and the removal of logs through firewood 
collection (Driscoll et al. 2000; McIntyre et al. 2010; Shorthouse et al. 2012). These 
processes likely contributed to habitat degradation for the Brown Treecreeper by 
reducing the quality of the ground layer and the abundance of invertebrate prey, 
reducing the density of coarse woody debris used as refuges from predators and 
foraging substrates, and reducing the density of tree hollows for nesting and roosting 
(Barton et al. 2009; Driscoll et al. 2000; Evans et al. 2003; Gilroy et al. 2008; Watson 
2011). To a lesser degree, environmental or demographic stochasticity may also 
contribute to the extinction of populations, particularly when populations are small 
(Primack 2008). 
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Figure 2. The location of Mulligans Flat and Goorooyarroo Nature Reserves in northern 
Australian Capital Territory (ACT) including: (a) The location of the ACT within 
Australia; (b) The nature reserves within the ACT; and (c) The release locations for the 
seven Brown Treecreeper social groups.  
 
 
Addressing the original cause of decline 
 
Our study area is the location of a major woodland restoration project, the ‘Mulligans 
Flat – Goorooyarroo Woodland Experiment’, and has undergone a series of large-
scale habitat restoration experimental manipulations (see Manning et al. 2011; 
Shorthouse et al. 2012). These restoration manipulations were considered beneficial in 
reversing the specific types of habitat degradation noted above and thus the likely 
causes of local decline for the Brown Treecreeper. First, restoration treatments 
involved the addition of 2,000 tonnes of coarse woody debris (Manning et al. 2011) 
which is an important foraging substrate for the Brown Treecreeper (Antos and 
Bennett 2006; Antos et al. 2008; Noske 1979). Logs have been shown to support a 
high diversity of invertebrates (Evans et al. 2003; Riffell et al. 2011), and log addition 
can increase the population density of the Brown Treecreeper following experimental 
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redistribution of coarse woody debris (Mac Nally 2006; Mac Nally et al. 2002). The 
experimental addition of coarse woody debris had already positively influenced the 
abundance and richness of beetle species within Mulligans Flat and Goorooyarro 
Nature Reserves (Barton et al. 2011). Furthermore, as the main response by Brown 
Treecreepers to the threat of predation is to flee to a nearby hollow within a fallen log 
(Higgins et al. 2001; Noske 1982a), coarse woody debris treatments also were 
intended to increase the density of refuges. As the logs used contained few natural 
hollows, we positioned upside-down PVC guttering beside logs at all log treatments to 
mimic these micro-refuges. 
 
Second, kangaroo exclusion areas were implemented within the reserves to manage 
grazing levels and improve the condition of the ground layer. In addition, these areas 
also enhanced variations in ground vegetation cover, which may prove advantageous 
to the Brown Treecreeper since birds in territories with moderate levels of ground 
cover have been shown to produce more fledglings, probably because higher levels of 
cover impede ground-foraging movements and/or rapid escape from predators, while 
lower levels of cover provide insufficient habitat for invertebrate prey (Doerr et al. 
2006).  
 
For this study, we also instigated additional restoration measures specific to the 
requirements of the Brown Treecreeper. These measures included the installation of 
216 species-specific nest boxes, in an attempt to ameliorate deficiencies in hollows 
used for nesting, roosting and escaping from predators. These boxes were purpose-
built using previous knowledge of the use of naturally-occurring hollows by the 
Brown Treecreeper (Noske 1982a). While we did not specifically test whether the 
Brown Treecreeper would use the boxes prior to the reintroduction, there are many 
existing observations of the species using artificial hollows with a wide variety of 
characteristics (Higgins et al. 2001). 
 
Selection of the source population 
 
We sourced individuals from sites approximately 200 km west of the ACT, in the 
Murrumbidgee region south-east of Wagga Wagga, NSW. We considered these source 
populations to be the most appropriate for reintroduction as they had been studied 
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since September 2005, and we comprehensively surveyed the populations in October 
2008. Therefore, the majority of individuals were colour-banded and the social 
relationships already documented (Doerr et al. 2011). This work suggested that the 
populations were sufficiently stable and large to allow the removal of some 
individuals without compromising the stability of the population. Source populations 
were comprised of approximately 127 social groups, with a quantified rate of increase 
from 2005 to 2007 of 1.04 (Bennett 2009). Furthermore, a recent study identified an 
increase in the reporting rates of the Brown Treecreeper over the last 15 years in the 
broader region within which the source populations lie (Lindenmayer and 
Cunningham 2011), suggesting that populations from this region are relatively healthy 
and would be most robust to removals. In addition, the populations existed in an area 
of similar climate, habitat structure and vegetation composition to our reintroduction 
site. Finally, there was no evidence that Brown Treecreeper populations have any 
local genetic adaptations that could be disrupted by, or problematic for, a 
reintroduction program (Doerr 2004).  
 
The reintroduction process 
 
We reintroduced Brown Treecreepers from 16 November to 1 December 2009. We 
released birds in social groups containing dependent fledglings in an attempt to 
maintain bonds between individuals in a group. This technique is thought to promote 
group cohesion and site fidelity after release by providing a focus for the group in the 
form of dependent fledglings (Clarke et al. 2002). Translocation of intact social 
groups also has been shown to increase success rates in some instances (e.g. Shier and 
Owings 2006). Members of a social group can be determined since individuals 
predominantly interact with members of their own group and females generally 
remain territorial (Doerr and Doerr 2007). However, males may feed at nests within 
neighbouring territories that contain related males during the breeding season (Noske 
1991). We attempted to capture entire social groups for translocation. However, in 
some cases we failed to capture a helper individual (although the breeding pair were 
always captured), who then remained in the source populations. We chose non-
adjacent social groups for translocation from five different vegetation patches, with a 
maximum of two groups per patch. This method was used to ensure that replacement 
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breeders from neighbouring territories in the source population were readily available 
after the removal of individuals.  
 
Our reintroduction protocol was framed around the intention of capturing and 
releasing one social group per day as a ‘hard’ release. A ‘hard’ release involves the 
immediate release of individuals within the reintroduction site; this is without 
measures such as providing food or acclimation periods, which are used in ‘soft’ 
releases (Fischer and Lindenmayer 2000; Griffith et al. 1989). We chose a hard 
release: (1) to minimise handling times and avoid unnecessary stress to animals; (2) 
because a previous study on another Australian cooperatively breeding bird, the 
Black-eared Miner (Manorina melanotis), showed that the more expensive process of 
soft release conferred no advantage over hard release in the short-term (Clarke et al. 
2002); and (3) because there was no evidence that this species had ever been held in 
captivity and hence any attempts to hold the birds during an acclimation period would 
involve significant uncertainty over husbandry protocols and additional resources.  
 
We captured Brown Treecreeper social groups using mist nets assembled across 
commonly used flight paths. We sexed all captured birds and fitted them with a 
unique combination of colour leg bands. We weighed all birds upon capture and again 
just before release at the reintroduction site. We held individuals for an average of 
5.92 (± 0.13 s.e.) hours within individual calico bags, suspended in a dark but well-
ventilated transport box, before release in the early afternoon.  
 
Immediately prior to release, we fitted the breeding female and one or two helper 
birds (predominantly males) per social group with radio-transmitters (Holohil Systems 
Model BD-2). These transmitters weighed 0.9 g (2.80% of the average bird weight), 
with an average battery life of 59 days (ranging from 23 to 70 days) in this study. This 
resulted in 18 adult birds (eight female and ten male) with radio-transmitters. We 
attached the transmitters over the bird's centre of gravity (and thus minimised 
energetic costs) using a modified leg harness (Doerr and Doerr 2002; Rappole and 
Tipton 1991), including dissolving suture for the harness material so that attachment 
was only temporary. Radio-transmitters of this kind have been used extensively in 
Brown Treecreeper studies in the past (Doerr and Doerr 2005; Doerr and Doerr 2006). 
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Monitoring 
 
We monitored the reintroduced Brown Treecreepers daily from release until 4 
February 2010. We located individuals with radio-transmitters twice per day for the 
life of the battery. As the species maintains a high level of social cohesion, we used 
the birds with radio transmitters to locate each social group. We then spent additional 
time censusing each group to attempt to locate all individuals not fitted with working 
radio-transmitters at least once per day. If individuals were not located on a particular 
day, we conducted targeted searches for the following three days in areas near the 
individual’s last known location. We identified the cause of death for birds with radio-
transmitters where possible. 
 
We conducted ongoing visual monitoring monthly until March 2011 with targeted 
surveys of areas where individuals were known or suspected to persist within the 
reserves or nearby habitat patches. In addition, regular bird surveys were conducted in 
the reserves and the broader region by researchers and community groups. 
Information on the release was provided to these groups and they shared any 
observations of Brown Treecreepers outside of their normal locations.  
 
We monitored all surviving female individuals associated with an unrelated male for 
breeding activity from September to December 2010. We recorded activities 
indicating breeding including courtship feeding, collection of nesting material and 
building of nests, as well as the feeding of fledglings following successful breeding 
attempts (Doerr and Doerr 2007).  
 
We conducted opportunistic monitoring of the source population during December 
2010 to perform a basic assessment of if and how the vacated territories were filled by 
Brown Treecreepers. We spent two hours searching the territories where we had 
removed social groups and recorded any sightings of Brown Treecreepers, including 
the individuals’ coloured leg band combinations when possible.  
 
We established criteria for success prior to the commencement of the reintroduction 
program with the intention of establishing a restored, self-sustaining population. To 
establish a self-sustaining population, that is a population that will persist without 
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requiring intervention by additional translocations of individuals of the species, both 
the survival and reproduction of released individuals is critical. Therefore, our criteria 
were (1) Survival of 70% of reintroduced adult birds three days post-release; (2) 
Survival of 50% of reintroduced adult birds four weeks post-release; (3) Survival of 
40% of reintroduced adult birds one year post-release; and (4) Successful 
reproduction, with the survival of at least one young to fledgling, from at least one 
social group within two years. We established these criteria using knowledge of the 
species’ survival rates in existing populations (Cooper et al. 2002; Doerr and Doerr 
2006; Noske 1991), and then lowered these rates slightly to consider the potential 
effects of the reintroduction procedure and also the costs of moving through 
unfamiliar habitat including reduced survival and reproductive success (Armstrong 
and Ewen 2002; Dickens et al. 2010; Tavecchia et al. 2009).  
 
Experimental Protocol 
 
We conducted the Brown Treecreeper reintroduction within an experimental 
framework, which is vital to ensure that strategic monitoring is conducted and 
appropriate conclusions are drawn (Armstrong and Seddon 2008; Ewen and 
Armstrong 2007; Seddon et al. 2007). Mulligans Flat and Goorooyarroo Nature 
Reserves were previously stratified according to vegetation type and structure into 
non-experimental polygons containing dry forest and 24 experimental polygons 
containing grassy woodland (ranging from 9.92 to 90.08 hectares, average 26.09 (± 
3.43 s.e.) hectares) (see Manning et al. 2011). Experimental polygons were the sites of 
restoration treatments. All experimental polygons received the addition of coarse 
woody debris in three 1 ha plots (as well as a 1 ha control plot with no coarse woody 
debris), but they differed in the amount of ground vegetation cover and the presence 
or absence of nest boxes.  
 
For this study, we classified each of the experimental polygons according to two 
experimental treatments: (1) high or medium ground vegetation cover; and (2) the 
presence or absence of artificial nest boxes. To assign the vegetation cover categories, 
we separated the 24 polygons into two groups of 12 based upon data collected by 
McIntyre et al. (2010). We extracted their data on total biomass and live plant basal 
area of all herbaceous plants plus sub-shrubs (<50 cm tall) for each polygon. We 
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created standardised scores of each of these variables (Student’s t statistic, i.e. z-
scores for a population that has only been sampled and is not fully known) and 
summed the standardised scores to create a single measure of ground vegetation 
cover. We then ranked the polygons according to this measure and classified the 12 
with the highest scores as having high ground vegetation cover and the remaining 12 
as having medium ground vegetation cover (non-experimental dry forest areas had 
low ground vegetation cover). The 216 nest boxes were installed within twelve of the 
experimental polygons, six polygons with high ground vegetation cover and six with 
medium ground vegetation cover. The nest boxes also were distributed relatively 
uniformly across the two nature reserves such that they were not all clustered in a 
small area.  
 
We released each Brown Treecreeper social group into a unique experimental polygon 
representing a combination of the above treatments (Table 1). We attempted to 
replicate each treatment combination twice, resulting in a total of eight groups. 
However, due to logistical reasons only seven of the eight groups originally planned 
were captured and translocated.  
 
Releasing social groups within varying habitat types allowed us to test the hypothesis 
that short-term measures of reintroduction success depend on the quality of the release 
site, with habitat quality predicted a priori from previous ecological studies (i.e. 
higher quality habitat was areas with medium ground vegetation cover and nest-boxes 
installed). Note that this paper specifically focuses on short-term responses to habitat 
and resulting reintroduction success.  
 
 
Table 1. Combinations of experimental treatments at release sites 
 
The number of Brown Treecreeper social groups released into polygons with each 
combination of the experimental treatments of (1) ground vegetation cover (medium and 
high); and (2) the presence or absence of artificial species-specific nest boxes. 
 
 
 Ground vegetation cover 
 medium high 
Nest box 1 2 
No nest box 2 2 
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Statistical Analyses 
 
To evaluate the immediate effects of transportation and release procedures, we 
calculated the weight loss by each individual from initial capture to release. We 
performed a t-test to examine the effect of age (adult or fledgling) on the average 
weight loss experienced by individuals during transportation. 
 
To evaluate short-term responses to the reintroduction, particularly in relation to the 
habitat characteristics, we analysed the effects of the release site characteristics on 
short-term survival over the first 24 hours and the first three days after release. Over 
these time periods, individuals were classified as having survived or not, with 
disappearances treated as non-survival. This was a justifiable approach as none of the 
radio-tracked individuals made any significant movements away from their social 
groups during the first three days after release. Hence, it was extremely unlikely that 
any birds disappeared because they had dispersed elsewhere. Indeed, none of the birds 
that disappeared in the first three days after release were ever sighted again. These 
analyses were performed using generalised linear mixed models and generalised linear 
models with binomial distributions (McCullagh and Nelder 1989; McCulloch and 
Searle 2001). We included the social group and age of the individual (adult v. 
fledgling) as random effects. The random effects were removed from the model if the 
standard error of the variance component random term was larger than the parameter 
estimate of the random term. 
 
To examine medium-term responses to the reintroduction, we conducted analyses to 
examine state-dependent survival, that is the effect of sex, age, social group, and 
whether an individual carried a radio transmitter or not, on survival throughout the 
initial radio-tracking period up to 4 February 2010. Survival analyses assume equal 
detection possibility, or sampling effort, for all individuals during any survey period. 
As our radio-tracking protocol was designed to be flexible to ensure we could monitor 
any exploratory movements that individuals made (examined in Paper III), survey 
effort was not necessarily equal across all individuals each day. Instead, effort was 
equal approximately every three days, so we reclassified presence/absence records for 
each individual into three-day periods. We scored an individual as absent if it was 
absent on all three days of a three-day sampling period, and present if it was observed 
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at least once during that period. In addition, in one social group, all individuals fitted 
with radio transmitters either died or lost their transmitters within just two weeks after 
release. As a result, the group became difficult to monitor so analyses were performed 
both including and excluding this group. As the results were the same, we reported 
only analyses including this group. Survival analyses also often incorporate an 
analysis of detection probabilities, which requires some ‘known absences’ – sampling 
periods in which an individual is scored as absent but is present during a subsequent 
sampling period. However, out of 86 absence records in the dataset (after excluding 
those following known deaths – see Results), only two were ‘known absences’. Thus, 
there were insufficient known absences to model detectability using analyses such as 
those in Program MARK. So we modelled ‘apparent survival’ by estimating Kaplan-
Meier survival curves, which allowed us to incorporate known deaths and right 
censoring of data (i.e. the fact that observations ceased at a particular point in time). 
Curves were estimated based on the total number of three-day sampling periods an 
individual was known to be alive. Separate curves for each sex, for adults and 
fledglings, for each social group, and for birds that carried radio transmitters and those 
that didn’t were created and compared using Wilcoxon tests, a variation on the 
standard log-rank test. This approach ensured that we made maximum use of the 
information available in known deaths. 
 
We performed medium-term analyses of survival using the Survival Analysis package 
in SYSTAT 10 (SPSS Inc., Chicago, Illinois, USA). All other statistical analyses were 
conducted using Genstat (13th Edition, VSN International). 
 
Results 
 
We reintroduced seven Brown Treecreeper social groups between 16 November and 1 
December 2009 within Mulligans Flat and Goorooyaroo Nature Reserves. These 
groups comprised 43 individuals (26 adults and 17 dependent fledglings in groups of 
4-8 individuals; Appendix A). Total expenditure for this reintroduction of the Brown 
Treecreeper up to March 2011 was approximately $185,000 (Appendix B). We 
examined the capture and release procedures and the response of individuals to these 
procedures. We also present results on the survival and reproduction of these 
individuals following intensive post-release monitoring.  
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Transportation and release procedures 
 
Releasing all the Brown Treecreeper individuals within a social group simultaneously 
resulted in high group cohesion and almost immediate contact calling by individuals. 
Released Brown Treecreepers predominantly flew immediately to a nearby tree trunk 
and were observed moving along this substrate whilst establishing contact with other 
group members. Most individuals were observed foraging on the ground within 24 
hours after release. 
 
However, a number of releases resulted in negative interactions with other bird 
species. There were three instances of released individuals being chased by a Red 
Wattlebird, Anthochaera carunculata, or Noisy Friarbird, Philemon corniculatus. The 
release of the third Brown Treecreeper social group was disrupted by a group of Noisy 
Miners, Manorina melanocephala, mobbing the newly released individuals. This 
divided the social group and attracted a Grey Butcherbird, Cracticus torquatus, which 
killed one of the dependent fledglings. This was the only social group where members 
dispersed individually immediately (i.e. did not remain in cohesive as a social group) 
after group release. This event occurred despite targeted searches for these aggressive 
species immediately prior to the releases. We conducted remaining releases in areas in 
which multiple targeted searches over several days failed to detect Noisy Miners to 
avoid repetition of this negative result.  
 
The average (±s.e.) weight loss experienced by translocated individuals during the 
transportation process was 1.88 g (± 0.16 s.e.), which was on average 5.82% of their 
original body weight. The average weight loss by dependent fledglings (2.00 g ± 0.29 
s.e.) was not significantly different than that of adults (1.81 g ± 0.18 s.e.; t = 0.59, d.f. 
= 41, P = 0.562).  
 
General behaviour post-release 
 
During the weeks immediately following release, we recorded eight of the 18 adults 
with radio-transmitters moving away from other members of their social group (four 
males, four females) (Paper III examines movement). However, in most instances, 
these individuals returned to their social group within a matter of hours or days, as 
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anticipated from previous research on exploratory movements in this species (Doerr et 
al. 2011). Further, the majority of released individuals without radio-transmitters were 
fledglings and they remained within close proximity to a radio-tracked individual.  
 
Most social groups moved away from their initial release sites to some extent. 
However, initially social groups moved through areas much smaller than the average 
home range for this species (average between 3-6 ha; (Cooper and Walters 2002b; 
Doerr and Doerr 2006)). Brown Treecreeper individuals often congregated near 
particular logs or trees, displayed high levels of vigilance and frequently fled to 
hollows in trees or logs in the few weeks immediately following release. During the 
tracking period, we did not observe any instances of Brown Treecreepers using the 
species-specific nest boxes or the PVC guttering, although we did not conduct 
targeted monitoring of the use of these structures. We did, however, observe Brown 
Treecreepers using the added coarse woody debris, both for foraging and vigilance, on 
multiple occasions (see Paper IV). On one occasion, we observed one male individual 
interact and forage with an individual from a neighbouring social group for 
approximately 2 hours, before returning to his group. 
 
We confirmed the cause of death for six individuals (four male, two female). These 
deaths were attributed to predatory birds including the Brown Goshawk, Accipiter 
fasciatus, the Nankeen Kestrel, Falco cenchroides and the Grey Butcherbird. Four of 
the predated individuals were fitted with radio-transmitters and their deaths were 
determined by tracking a radio transmitter signal to the nest of a predatory bird. We 
observed the fifth individual being depredated, and we examined the remains of the 
sixth individual that was found without the aid of radio-telemetry. One additional 
individual was considered a confirmed death as he appeared unwell immediately after 
release, was never sighted again, and was unlikely to have dispersed as he was a 
fledgling still dependent on parents for food. The confirmed deaths occurred between 
one and 24 days after release. 
 
Short-term responses to release 
 
Monitoring of released Brown Treecreeper individuals confirmed the survival of 40 
(93%) birds in the first 24 hours and 39 (91%) birds surviving three days. We found 
102 
no significant effect of any of the release site characteristics on the short-term survival 
of released individuals for either the 24 hour survival period (Ground Cover: χ2 = 
0.620, d.f. = 1, P = 0.431; Nest Box: χ2 = 0.103, d.f. =1, P = 0.748) or survival over 
three days (Ground Cover: χ2 = 2.060, d.f. = 1, P = 0.151; Nest Box: χ2 = 2.224, d.f. = 
1, P = 0.136). Additionally, there was no variation in survival due to age or social 
group.  
 
Medium-term responses: survival and reproduction 
 
There was a steady decline in the number of both adults and fledglings that were 
confirmed alive over the initial tracking period (until 4 February 2010) (Figure 3). The 
majority of disappearances or losses of Brown Treecreepers were progressive. 
However, in a small number of cases an individual with an attached radio-transmitter 
disappeared (or lost their radio-transmitter) and subsequently we were unable to locate 
other members of the group (e.g. group 5). Monthly disappearance rates were higher 
in the first two months after release (30% and 23% respectively) than in subsequent 
months. At two months post-release, eight (47%) fledglings and 15 (58%) adults were 
confirmed alive. We recognise that true survival rates may be somewhat higher than 
the confirmed survival rates reported here due to the dispersal of individuals, 
particularly during monitoring after the failure of the radio-transmitter batteries.  
 
Our analyses of apparent survival during the radio-tracking period indicated that 
apparent survival was not significantly different between males and females (χ2 = 
0.203, d.f. = 1, P = 0.652), or between adults and fledglings (χ2 = 0.413, d.f. = 1, P = 
0.520). Apparent survival also did not differ between the different social groups (χ2 = 
4.127, d.f. = 6, P = 0.660), or between birds that carried radio transmitters and those 
that did not (χ2 = 0.469, d.f. = 1, P = 0.494). The result for social groups was 
somewhat surprising, as the proportion of individuals known to be alive at the end of 
the tracking period was quite different across the different groups. In particular, social 
groups #3 and #5 showed the lowest apparent survival (Figure 4), an outcome due in 
part to known predation events soon after release. However, while the other analyses 
only needed to stratify the data between two levels (e.g. male and female), the analysis 
of the effect of social group needed to stratify the data over seven levels. Therefore, 
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there were relatively few data points within each level (e.g. individuals within a 
group) to estimate a survival curve. 
 
We observed no instances of successful reproduction by the Brown Treecreeper, 
despite regular monitoring of females for evidence of breeding. However, a male was 
seen feeding a female on seven separate occasions during November 2010. This was 
noteworthy given that breeding females appear not to accept courtship feeding unless 
they intend to attempt to reproduce (V. Doerr personal observation). 
 
Criteria for success 
 
Levels of survival at three days and at four weeks post-release met our criteria for 
success of the reintroduction program (Table 2). However, only 15% of adults were 
known to be alive one year post-release, which failed to meet the third medium-term 
criterion for success. Additionally, there was no observed successful reproduction at 
the end of 2010. Therefore, the fourth criterion for success could not be confirmed by 
the end of 2011.  
 
 
 
 
 
Figure 3. Number of reintroduced adult and fledgling Brown Treecreeper individuals 
confirmed alive at the end of each survey month following the release of 26 adults and 17 
fledgling individuals in November 2009. These results are based on confirmed survival 
and hence actual survival would be some degree higher.  
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Figure 4. The proportion of reintroduced Brown Treecreeper individuals confirmed 
alive at the end of the radio-tracking period (February 2010) within each of the seven 
social groups released in November 2009.  
 
 
 
Table 2. Comparison of Brown Treecreeper survival against reintroduction criteria for 
success 
 
Criteria for success 
 
Result Conclusion 
Survival of 70% of reintroduced adult birds three days 
post-release 
96% Achieved 
Survival of 50% of reintroduced adult birds four weeks 
post-release 
65% Achieved 
Survival of 40% of reintroduced adult birds one year 
post-release 
15% Failed 
Successful reproduction, with the survival of at least 
one fledgling, from at least one social group within two 
years 
No 
reproduction 
during 2010 
Unconfirmed 
 
 
Assessment of the source population subsequent to removals 
 
Opportunistic monitoring of the source populations near Wagga Wagga revealed that 
six of the seven territories from which Brown Treecreeper social groups were 
removed contained individuals in December 2010. In most cases, we could not 
identify these remaining birds due to the low number of colour-banded individuals. 
However, individuals present in three of the territories were helpers remaining from 
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translocated social groups, or related individuals from adjacent territories. Although 
more detailed information is not available, these observations indicated that most 
vacated territories had been filled. 
 
Discussion 
 
We reintroduced the Brown Treecreeper into Mulligans Flat and Goorooyarro Nature 
Reserves in spring 2009. This was the first experimental reintroduction conducted for 
this species, and one of the few cooperatively breeding birds globally to be 
translocated (see Armstrong et al. 1994a; Clarke et al. 2002; Komdeur 1994; Wallace 
and Buchholz 2001). We now discuss the apparent survival of reintroduced 
individuals against pre-determined criteria for success, as well as potential influences 
on both short-term and medium-term apparent survival that might help explain the 
lack of reintroduction success.  
 
Apparent survival rates and the criteria for success 
 
The reintroduction of the Brown Treecreeper cannot be confirmed as successful due to 
the apparent loss of many individuals. Although the short-term criteria for success 
were achieved, the criterion for medium-term survival over one year was not realised. 
It should be noted that birds that disappeared were almost never seen again and this 
could be the result of dispersal, not just death. Radio-tracked Brown Treecreepers 
were recorded moving extensive distances, with an average total cumulative distance 
of 13.65 (± 3.27 s.e.) kilometres (Paper III). Further, the average and maximum 
distance of exploratory forays for radio-tracked individuals that performed forays 
were greater than distances previously observed in Brown Treecreeper natal dispersers 
(Paper III; Doerr et al. 2011). Therefore, it is possible that a few reintroduced 
individuals are surviving independently within the reserves or the surrounding habitat, 
particularly given the large size of the nature reserves. However, it is unlikely that 
many individuals have survived given that known mortalities of radio-tracked birds (n 
= 4) were greater than known long-distance dispersal events (n = 1). Further, apparent 
survival did not differ between birds with and without radio-transmitters, suggesting 
that detectability was not substantially lower for birds without transmitters. It could 
also be argued that from the standpoint of evaluating the success of a reintroduction, 
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disappearance of individuals from the reintroduction site is just as much a failure of 
the reintroduction as mortality of released individuals (Le Gouar et al. 2008). 
 
The failure of reintroduced Brown Treecreepers to reproduce may be influenced by 
low habitat quality in the release site (Hirzel et al. 2004), or an effect of the 
translocation (Armstrong and Ewen 2001), but see Jamieson and Wilson (2003). This 
result occurred despite the installation of species-specific nest boxes into the reserves. 
Hence, further detailed analysis of habitat quality in the release site is encouraged (see 
Paper V), such as examining foraging habitat quality, which is related to reproductive 
success (Doerr et al. 2006). 
 
Short-term survival 
 
Survival of Brown Treecreeper individuals over both 24 hours and three days post-
release was very high. This was despite individuals losing an average of 5.82% of 
their original body weight during the translocation process. The short-term survival of 
released Brown Treecreeper individuals (over 24 hours and three days) was not 
significantly influenced by the release site characteristics. We predicted that the level 
of ground vegetation cover and the presence or absence of species-specific nest boxes 
would influence short-term survival. This prediction was based on the species’ 
dependence on hollows for roosting and escaping predators (Noske 1982b), and their 
preference for foraging on the ground (Antos and Bennett 2006; Maron and Lill 2005; 
Noske 1991; Walters et al. 1999), which is likely to be influenced by food 
accessibility and hence ground vegetation cover (Vandenberghe et al. 2009; 
Whittingham and Devereux 2008). We suggest that the paucity of release site effects 
was likely to be due to small sample sizes and high levels of survival soon after 
release. Alternatively, survival may have been influenced by habitat characteristics 
that we did not measure.  
 
Our observations suggest that short-term survival was influenced more by factors such 
as elevated densities of aggressive species like the Noisy Miner, which has been 
identified as having a negative effect on woodland bird assemblages when present in 
large numbers (Eyre et al. 2009; Maron et al. 2011; Montague-Drake et al. 2011). The 
increasing density of this species within Mulligans Flat and Goorooyarroo Nature 
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Reserves (Taws et al. 2011), also may have contributed in some form to the original 
decline of the Brown Treecreeper. However, there has been no formal examination of 
this possible relationship. Therefore, our results demonstrated that it is important to 
ensure that birds are released in areas not supporting these species, which may require 
multiple surveys over many days. Such areas will often be away from fragment edges 
and altered habitat structure (Clarke and Oldland 2007; Eyre et al. 2009). The removal 
of the Noisy Miner could be considered for future translocations, but is likely to be a 
resource-intensive project and requires investigation into its long-term effectiveness 
(Grey et al. 1997). Further, although removals can be effective, there are numerous 
factors to consider including the role of other predatory or aggressive species and 
welfare issues (Fulton and Ford 2001a; b). A potential hypothesis emerging from our 
results is that such aggressive species are not only influential in the decline of 
woodland bird species, but that they can act as a barrier to re-colonisation by locally 
extinct species. 
 
Medium-term survival 
 
We recorded low apparent survival rates particularly during the first two months after 
release. This is consistent with results from other species translocations (e.g. 
Armstrong and Ewen 2002; Musil et al. 1993; Taylor and Jamieson 2007), although 
this is not always the case (see Armstrong et al. 1999). Animals undergoing 
transportation are susceptible to increased levels of stress, which may reduce their 
cognitive abilities, such as the fight-flight response, and reduce survival (Dickens et 
al. 2010; Dickens et al. 2009; Teixeira et al. 2007). While transportation stress might 
be expected to influence survival during the first 24 hours or the first three days (when 
survival was actually high in our reintroduction), increased medium-term effects of 
translocation stress may be particularly evident with species that are susceptible to 
predation (Dickens et al. 2010; Musil et al. 1993). During the first two months after 
release, Brown Treecreeper individuals may have been more vulnerable to predators 
while they were searching for suitable refuges in unfamiliar habitat (Brown et al. 
2008). Additionally, increased likely mortality during this time may be due to the 
costs of searching for high-quality foraging areas and shelter, establishing a territory 
within an unfamiliar environment (Armstrong and Ewen 2002), or insufficient effects 
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of the habitat restoration treatments (see Paper IV). These possibilities require further 
investigation. 
 
Minimum adult annual survivorship that we calculated for released Brown 
Treecreepers (15%) was much less than annual survivorship previously observed for 
non-translocated individuals of this species of 75.8% (Doerr and Doerr 2006), 78% 
(Noske 1991) and an average of 79% for females (Cooper et al. 2002). Actual survival 
of both reintroduced individuals and non-translocated individuals may be slightly 
higher than that stated above due to individual dispersal (although Doerr and Doerr 
(2006) specifically monitored natal dispersal). However, survivorship of reintroduced 
Brown Treecreepers is still unlikely to be close to the values reported for non-
translocated individuals. In comparison, other translocated cooperatively breeding 
birds, such as the Red-cockaded Woodpecker, Picoides borealis, in south-east United 
States of America, and the Black-eared Miner, in north-western Victoria, had a one-
year survival rate of 71% (Carrie et al. 1999) and 51% (of the bird colonies locatable) 
respectively (Clarke et al. 2002). Another Australian bird species, the Eastern 
Bristlebird, Dayornis brachypterus, showed a similarly high annual survival rate of 
73% at one year post-release (Bain 2006; Baker et al. 2012). However, it should be 
noted that the survival of released Brown Treecreepers (and other translocated 
species) is likely to be higher during the second year post-release and closer to that 
recorded in non-translocated populations of the species. Survival rates during the first 
year post-release are influenced by an acclimation period after release when 
individuals typically suffer high mortality (Armstrong and Ewen 2002; Musil et al. 
1993; Taylor and Jamieson 2007).  
 
Our analyses indicated that survival during the radio-tracking period was not 
significantly related to an individual’s age, sex or social group. Given that all known 
deaths appeared to be due to predation, the most likely proximate cause of suspected 
mortality over the medium term was predation. Indeed, predation is often the cause of 
mortality in released individuals (e.g. Moorhouse et al. 2009; Priddel and Wheeler 
2004; Short et al. 1992). Further, the effect of predation by native predators on the 
survival of translocated individuals may actually be underestimated in relation to 
predation by exotic species. The high levels of predation suspected in this study 
suggest that the density of predators may be artificially elevated in these reserves as a 
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result of anthropogenic modification of the habitat and surrounding landscape (Chace 
and Walsh 2006). However, high mortality also may have resulted from competition 
from aggressive native species, or insufficient habitat quality which, in turn, can 
influence predation (Moorhouse et al. 2009). For example, habitat may affect 
predation levels over the medium to long-term through limited availability of refuge 
sites and high quality foraging areas. Both of these factors may influence body 
condition and make individuals more susceptible to predation (Alzaga et al. 2008; 
Genovart et al. 2010; Penteriani et al. 2008; Taylor and Jamieson 2007; Temple 
1987). Preliminary habitat analyses indicated that the reintroduction reserves 
contained fewer tree and log hollows in comparison to the source sites (Paper V). This 
may result in greater distances to protective refuges, greater time exposed to predators 
and subsequently greater predation risk (Bednekoff 1996; Kullberg and Lafrenz 2007; 
Lima and Dill 1990; Walther and Gosler 2001). Further, other analyses have indicated 
that medium-term survival was influenced by the level of ground vegetation cover at 
the polygon level, with highest survival in forest areas with low ground vegetation 
cover (Paper III). Areas with lower levels of ground vegetation are likely to allow for 
rapid detection of predators and easily accessible prey (Vandenberghe et al. 2009; 
Whittingham and Devereux 2008). 
 
Conclusions 
 
We have documented the first experimental reintroduction of the Brown Treecreeper 
within Australia. Furthermore, we have addressed the majority of recommendations 
proposed by previous international reviews on species reintroductions. Although this 
program cannot be confirmed as successful, the publication of a failed species 
reintroduction can contribute valuable and unique knowledge regarding reintroduction 
procedures and the species’ biology, particularly owing to the integration of an 
experimental framework.  
 
Our results highlight that while releasing cooperative species within intact social 
groups appeared beneficial in maintaining group cohesion, release must also be 
conducted away from areas with high concentrations of aggressive or predatory 
species, although such areas can be difficult to identify as predatory species can be 
difficult to survey (as well as being widespread). Aggressive species appeared to be a 
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more important effect on short-term survival than the habitat variables that we 
predicted would influence survival. This is despite the fact that these predictions were 
based on extensive literature on the requirements of the Brown Treecreeper. However, 
we observed particularly low apparent survival in the first two months after release, 
with available evidence suggesting that this was mostly due to mortality rather than 
dispersal. This suggests that naivety about the release environment and predation may 
be significant impediments to successful reintroductions.  
 
To ensure optimum survival over both the long and short-term, extensive studies into 
the suitability of the habitat should be conducted to ensure that all required resources 
are available, which includes optimum foraging areas, refuges from predators and 
natural predator densities. This knowledge will be a valuable starting point for any 
future translocations and the management of these nature reserves.  
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Appendix A 
 
Details of the 43 individual Brown Treecreepers reintroduced within the seven 
social groups 
 
Individuals are identified by their leg-bands, the first two coloured bands were on the 
left leg and the remaining two on the right leg, with the uppermost band stated first. 
Band colours: B, dark blue; G, dark green; K, black; L, light blue; M, metal; R, red; S, 
split white and black; U, mauve; Y, yellow. Age is given in years and ‘F’ denotes 
dependent fledgling. 
 
 
ID 
 
Name Group 
 
Sex 
 
Age 
 
Release Date 
 
Transmitter? 
 
BLMR Blur 1 M 1+ 16/11/2009 Y 
BLML Lobelia 1 F 1+ 16/11/2009 Y 
KSMS Kisses 1 F F 16/11/2009 N 
RGMU Ragamuffin 1 M F 16/11/2009 N 
GLMU Glue 2 F 1+ 18/11/2009 Y 
BRMK Brik-a-brak 2 M 1+ 18/11/2009 Y 
UKMR Euchre 2 M 1+ 18/11/2009 Y 
RSML Russell 2 M F 18/11/2009 N 
LUMY Louie 2 M F 18/11/2009 N 
YYMY Wise-guy 2 M 1+ 18/11/2009 N 
SLMG Slug 2 M 1+ 18/11/2009 N 
KBMS Kabs 2 M F 18/11/2009 N 
YGMS Yagis 3 F 2+ 23/11/2009 Y 
GGMB Gigabyte 3 M 1+ 23/11/2009 Y 
BUMG Bug 3 M F 23/11/2009 N 
UUMK Wok 3 M 2+ 23/11/2009 N 
KLMR Killer 3 M 1+ 23/11/2009 N 
SUMS Sums 3 M F 23/11/2009 N 
USMB USB Port 4 M 2+ 25/11/2009 Y 
YKMU Haiku 4 F 1+ 25/11/2009 Y 
RUMK Rumplestiltskin 4 M 1+ 25/11/2009 Y 
SGMU Segue 4 M 2+ 25/11/2009 N 
BRMY Barmy 4 M F 25/11/2009 N 
LUMR Lure 4 F F 25/11/2009 N 
LGMS Legs 5 F 1+ 27/11/2009 Y 
BKMK Bookmark 5 F F 27/11/2009 N 
SRMG Sarge 5 M 1+ 27/11/2009 N 
GBMR Goober 5 F 1+ 27/11/2009 Y 
SLMY Sally 5 F F 27/11/2009 N 
YLMG Wild-guy 5 M 2+ 27/11/2009 N 
RRMU Rerun 5 M 1+ 27/11/2009 Y 
KSMB Chi-squared Boy 5 M 2+ 27/11/2009 N 
KGMG Kaja Goo Goo 6 F 2+ 29/11/2009 Y 
RGMB TV 6 M 2+ 29/11/2009 Y 
SUML Sewall 6 M F 29/11/2009 N 
BLMU Blue 6 M F 29/11/2009 N 
GBMS Gabs 6 F F 29/11/2009 N 
UBMR Uber 7 M 1+ 1/12/2009 Y 
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LSMU Lassoo 7 M 2+ 1/12/2009 Y 
RSMB Rosebud 7 F 2+ 1/12/2009 Y 
BKMY Becky 7 F F 1/12/2009 N 
YRMY Wirey 7 M F 1/12/2009 N 
GLMS Glass 7 M F 1/12/2009 N 
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Appendix B 
 
Details of resources and funding for the Brown Treecreeper reintroduction 
program. 
 
CSIRO Ecosystems Sciences provided significant in-kind support via project 
supervision by Dr. Veronica Doerr and Dr. Erik Doerr throughout the entire project. 
The Parks and Conservation Service within the ACT Government offered a range of 
kinds of support including the installation of nest boxes, and help with the capture and 
transport of reintroduced individuals. In-kind support was also received from the 
‘Mulligans Flat-Goorooyarroo Woodland Experiment’ (ARC Linkage Project 
LP0561817). 
 
Committed personnel were extremely important in the reintroduction and subsequent 
monitoring. In particular, the employment of one fulltime field assistant (at a cost of 
$10,000) and 27 trained volunteers was vital to ensure high quality monitoring was 
achieved.  
 
Total expenditure for the reintroduction of the Brown Treecreeper up to March 2011 
was approximately $185,000, including $ 56,000 of in-kind support from the CSIRO 
Ecosystems Sciences and $20,000 of in-kind support from the ACT Government 
Department of Territory and Municipal Services, $10,000 from the ‘Mulligans Flat – 
Goorooyarroo Woodland Experiment’ and the Conservation and Landscape Ecology 
Group at The Australian National University, and $67,000 from an Australian 
Postgraduate Award. A further $32 000 was received from funding obtained from 
Birding NSW, Birdlife Australia – Stuart Leslie Bird Research Award, Canberra 
Ornithologists Group, Canberra Birds Conservation Fund, Foundation for National 
Parks and Wildlife, Gould League of NSW 2010 Centenary Year Cayley Memorial 
Scholarship, and the Norman Wettenhall Foundation. 
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Brown Treecreeper habitat at Mulligans Flat Nature Reserve 
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Abstract 
 
It is essential to choose suitable habitat when reintroducing a species into its former 
range. Habitat quality may influence an individual’s dispersal decisions and also 
ultimately where the individual chooses to settle. We examined how variation in 
habitat quality (quantified by the level of ground vegetation cover and the installation 
of nest boxes) influenced the movement, habitat choice and survival of a reintroduced 
bird species. We experimentally reintroduced seven social groups of the Brown 
Treecreeper (Climacteris picumnus) into two nature reserves in the Australian Capital 
Territory in south-eastern Australia. We radio-tracked 18 Brown Treecreepers from 
release in November 2009 until February 2010. We observed extensive movements by 
individuals irrespective of the release environment or an individual’s gender. This 
indicated that individuals were capable of dispersing and actively selecting optimum 
habitat. This may alleviate pressure on wildlife planners to accurately select the most 
optimum release sites, so long as the species’ requirements are met. There was 
significant variation in movement between social groups, suggesting that social 
factors may be a more important influence on movement than habitat characteristics. 
We found a significant effect of ground vegetation cover on the likelihood of 
settlement by social groups, with high rates of settlement and survival in dry forests, 
rather than woodland (where the species typically resides), which has implications for 
the success of woodland restoration. However, overall the effects of variation in 
habitat quality were not as strong as we had expected, and resulted in some 
unpredicted effects such as low survival and settlement in woodland areas with 
medium levels of ground vegetation cover. The extensive movement by individuals 
and unforeseen effects of habitat characteristics make it difficult to predict the 
outcome of reintroductions, as well as the movement behaviour and habitat selection 
of reintroduced individuals, particularly when based on current knowledge of a 
species’ ecology.  
 
Keywords: reintroduction, restoration, dispersal, ground vegetation cover, habitat 
quality 
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Introduction 
 
Species reintroduction programs aim to re-establish a population of a locally-extinct 
species within its historical range (IUCN 1998). Reintroductions are an increasingly 
important and effective tool to counter biodiversity loss and conserve threatened 
species (Paper I; Fischer and Lindenmayer 2000; Hayward 2011; Seddon et al. 2007). 
However, reintroductions are not always successful (Paper I; Paper II; Ewen and 
Armstrong 2007; Fischer and Lindenmayer 2000). The success of a program is often 
dependent upon the suitability of the habitat at the release site (Paper I; Ewen and 
Armstrong 2007; Veitch 1994; Wolf et al. 1998). Therefore, there is considerable 
benefit in not only ensuring that the habitat quality at the release site is adequate, but 
also in monitoring the survival, movement and habitat selection of released 
individuals, particularly using an experimental approach to examine the effect of 
applied habitat treatments (Armstrong and Seddon 2008; Moorhouse et al. 2009). 
 
The habitat quality at a release site is likely to influence the movement of released 
individuals. In particular, individuals released in poor quality habitat may be more 
inclined to disperse to search for better quality habitat (Enfjäll and Leimar 2009; Lin 
et al. 2006). Variations in habitat quality have been shown to influence the dispersal 
strategies of both reintroduced individuals (Moorhouse et al. 2009) and natal 
dispersers (Haughland and Larsen 2004; Lin and Batzli 2001; Rémy et al. 2011). 
Other factors potentially influencing the choice to leave an area include local 
population density, age, reproductive status, body condition and predation pressure 
(Ims and Hjermann 2001; van Heezik et al. 2009; Wiens 2001). Dispersal away from 
a release site following reintroduction also may be influenced by the translocation 
process, that is the methods of capture, transfer and release, and also by releasing 
individuals within an unfamiliar environment and experiences in the natal habitat 
(Stamps and Swaisgood 2007; van Heezik et al. 2009). As a result, some released 
individuals may move rapidly away from a release site (Armstrong 1995; Musil et al. 
1993), move greater distances than is usually recorded for the species (Hester et al. 
2008; Rittenhouse et al. 2007; Van Zant and Wooten 2003), or even attempt to return 
to the home capture site (Germano and Bishop 2009; Stamps and Swaisgood 2007) 
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Classic optimal habitat choice models suggest that dispersing individuals, and indeed 
reintroduced individuals, will settle within optimal habitat rather than sub-optimal 
habitat (Fretwell and Lucas 1969). Information drawn from the movement and 
eventual habitat selection of reintroduced individuals can provide insights into how 
animals perceive their environment (e.g. Hirzel et al. 2004). In particular, monitoring 
released individuals can confirm, or falsify, hypotheses about patterns of habitat 
selection for a species. Additionally, we can gain insights into the species’ ability to 
search the environment to locate high quality habitat, the costs of moving through an 
unfamiliar environment (such as difficulty in locating food, increased predation rates 
and a lack of knowledge of escape routes from predators (Baker and Rao 2004; Sakai 
and Noon 1997; Yoder et al. 2004; Zollner and Lima 2005)), and the potential 
influences of choices on survival, and hence reintroduction success.  
 
To test hypotheses about habitat selection, we reintroduced seven social groups (43 
individuals) of the Brown Treecreeper (Climacteris picumnus), into Mulligans Flat 
and Goorooyarroo Nature Reserves in the Australian Capital Territory from 16 
November to 1 December 2009 (Paper II). These temperate woodland reserves are 
managed as a large-scale experimental restoration project (Manning et al. 2011; 
Shorthouse et al. 2012). Restoration treatments and controls were applied across the 
reserves, including maintaining differences in the level of vegetation cover in the 
ground layer. Prior to the reintroduction, species-specific nest-boxes were installed as 
an additional experimental treatment. Previous research has suggested that the 
vegetation structure of the ground layer and density of tree hollows are two of the 
most important factors influencing the presence and reproductive success of the 
species (Cooper and Walters 2002b; Doerr et al. 2006). The integration of an 
experimental framework into the program allowed for the unique examination of how 
habitat variation influenced the movement, habitat choice and survival of reintroduced 
individuals. In particular, we monitored reintroduced Brown Treecreeper individuals 
to test five key hypotheses:  
 
(1) Individuals actively search for good quality habitat so that even in the absence of 
competition they will still explore the wider environment before choosing where to 
settle. Thus, movement paths will show a decrease in search area over time until a 
minimum threshold, or asymptote, is reached. 
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(2) Individuals may search less widely when released in higher quality rather than in 
lower quality habitats, with habitat quality predicted a priori from previous ecological 
studies (i.e. higher quality habitat was woodland areas with lower ground vegetation 
cover, which is based on the species’ preference for foraging on the ground (Antos 
and Bennett 2006; Maron and Lill 2005; Noske 1991; Walters et al. 1999) and the 
potentially increased accessibility to invertebrate prey and easier escape from 
predators that is associated with lower ground vegetation cover (Doerr et al. 2006; 
Vandenberghe et al. 2009), and also areas with nest-boxes installed, which may 
provide an escape hollow when under threat or a roosting site (Higgins et al. 2001; 
Noske 1982a)). Thus, movement parameters (foray distance, foray rate, search rate 
and search area) calculated for individuals released in lower quality habitat will have 
higher values than the parameters calculated for individuals released in higher quality 
habitat. 
 
(3) Based on the classic optimal habitat choice models (Fretwell and Lucas 1969), 
individuals in restored environments will settle in the highest quality habitat that they 
encounter during the search phase. Thus, social group settlement will be highest in the 
higher quality habitat.  
 
(4) The habitat types (in terms of the experimental treatments) that are used most by 
released Brown Treecreepers will influence survival. Thus, individuals that mostly 
experience higher quality habitat will have higher survival than individuals that 
experience mostly lower quality habitat. 
 
(5) Groups that take a greater time to search and settle in an unfamiliar environment 
will have reduced short-term survival in comparison to social groups that settle earlier. 
 
Tests of these five hypotheses will provide a greater understanding of how 
reintroduced individuals move through their release environment and the importance 
of habitat quality at the release site. This is particularly important given the growing 
prevalence of reintroductions to combat biodiversity loss (Bajomi et al. 2010; Seddon 
et al. 2007). In the final part of this paper, we reflect on the implications of our results 
for wildlife restoration and for how wildlife planners predict habitat selection and 
movement of reintroduced species based on studies of existing populations.  
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Methods 
 
Ethics Statement 
 
This study was conducted in strict accordance with animal ethics approval obtained 
through The Australian National University Animal Experimentation Ethics 
Committee (C.RE.55.08). All reasonable actions were taken to minimise the impact 
on the welfare of the animals involved, including utilising appropriate methods for the 
capture, transport and monitoring of reintroduced Brown Treecreepers.  
 
The project was conducted under a New South Wales Office of Environment and 
Heritage Scientific Licence (S12906) and Export Licence (IE095650); and a Licence 
to Import from the Australian Capital Territory Department of Territory and 
Municipal Services (LI2008330). Accessed land was a mixture of private property, 
travelling stock reserves managed by the Hume Livestock Health and Pest Authority 
and Nature Reserves managed by the Australian Capital Territory Department of 
Territory and Municipal Services. 
 
Study Area 
 
We conducted this study at Mulligans Flat Nature Reserve and Goorooyarroo Nature 
Reserve, in north-eastern Australian Capital Territory, in south-eastern Australia. In 
total, the reserves cover 1623 ha of partially-modified, lowland temperate woodland 
and dry forest (Manning et al. 2011; Shorthouse et al. 2012). The reserves are the 
location of the ‘Mulligans Flat – Goorooyarroo Woodland Experiment’ (Manning et 
al. 2011; Shorthouse et al. 2012) and were previously stratified into ‘polygons’ 
according to vegetation type and structure. We then selected twenty-four polygons 
containing woodland as experimental polygons (ranging from 9.92 to 90.08 hectares, 
average 26.09 (± 3.43 s.e.) hectares). We utilised these experimental polygons for 
analyses of how Brown Treecreeper movement, survival and habitat selection varied 
in relation to the experimental treatments. We classified each of the experimental 
polygons according to two experimental treatments: (1) high or medium ground 
vegetation cover; and (2) the presence or absence of artificial nest boxes.  
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We assigned a category for ground vegetation cover to each experimental polygon 
using data on vegetation characteristics collected by McIntyre et al. (2010). We 
extracted their data on total biomass and live plant basal area of all herbaceous plants 
plus sub-shrubs <50 cm tall for each polygon. Following this, we created standardised 
scores (Student’s t statistic, i.e. z-scores for a population that has only been sampled 
and is not fully known) for each of these variables and summed the scores to create a 
standardised measure for each polygon. The measure incorporated both basal area and 
biomass because both could influence the quality of the ground layer and the ability of 
Brown Treecreepers to manoeuvre while ground-foraging. We then ranked the 
experimental polygons, with the lower 50% classified as containing ‘medium’ 
amounts of ground vegetation cover and the upper 50% were classified as containing 
‘high’ ground vegetation cover. As Brown Treecreepers also utilised areas that were 
outside the experimental polygons (both during dispersal and after settlement), we 
classified non-experimental woodland areas as having medium or high ground 
vegetation cover through comparison with experimental polygons. If an area was dry 
open forest, we assigned it a ‘low’ level of ground vegetation cover, since Australian 
dry open forest typically contains a greater density of trees than woodland, which is 
associated with a lower level of ground vegetation cover (Scanlan and Burrows 1990; 
Specht and Morgan 1981; Walker et al. 1986). 
 
We installed two hundred and sixteen species-specific nest boxes within half (12) of 
the experimental polygons, half in polygons with medium ground vegetation cover 
and half in polygons with high ground vegetation cover. We clustered the nest boxes 
within large trees (four or five per tree) to make them more apparent to the Brown 
Treecreeper. Polygons that received nest boxes were distributed relatively uniformly 
across the two nature reserves. We designed the nest boxes using knowledge of the 
behaviour and natural nesting hollow dimensions of the Brown Treecreeper, as 
collected by Noske (1982a).  
 
Study Species 
 
The Brown Treecreeper is a facultative cooperative breeder, living predominantly in 
gregarious social groups comprised of a breeding pair and a number of offspring that 
have delayed dispersal (Doerr and Doerr 2006). Females disperse earlier and further 
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than males, with dispersal averaging 1.14 ± 1.25 km with a maximum of 4.50 km 
(Cooper and Walters 2002a), while males generally disperse no further than an 
adjacent territory (<500 m) (Doerr and Doerr 2006). Social groups occupy territories 
averaging 3-6 ha in size, ranging to as much as 10.7 ha in lower quality habitat 
(Cooper and Walters 2002b; Doerr and Doerr 2006). The Brown Treecreeper nests 
and roosts in naturally-occurring tree cavities in a variety of eucalypt species (Noske 
1982b) and is a ground and bark-foraging insectivore (Antos and Bennett 2006; 
Maron and Lill 2005).  
 
Currently, there is evidence of dramatic declines in Brown Treecreeper population 
density as well as extinction of local populations over many areas (Ford et al. 2001; 
Ford et al. 2009; Walters et al. 1999). The main causes of decline for the Brown 
Treecreeper include fragmentation (due to the species’ short-distance dispersal 
characteristics) (Cooper and Walters 2002a; Doerr and Doerr 2006; Walters et al. 
1999), and habitat degradation such as the loss of tree hollows (Cooper and Walters 
2002b), coarse woody debris and ground litter (Maron and Lill 2005; Noske 1979), 
and alterations in ground vegetation density (Doerr et al. 2006). Thus, the restoration 
treatments described above were specifically thought to address the likely causes of 
local decline for the Brown Treecreeper (discussed in Paper II) and recreate habitat 
suitable for this species. Reintroduction was deemed necessary as the species’ limited 
dispersal distances, and the lack of an existing population of the species within 15 km, 
are thought to make natural recolonisation of these reserves extremely unlikely. 
Further, the Brown Treecreeper is a member of a suite of woodland birds thought to 
be most sensitive to decline (Ford 2011; Ford et al. 2001; Ford et al. 2009; Watson 
2011), and hence the results of this study are likely to be applicable to other ground-
foraging insectivores.  
 
Translocation and radio-telemetry 
 
We captured social groups from wild source populations located approximately 200 
km west of the release sites, south-east of Wagga Wagga, New South Wales (detailed 
in Paper II). The Brown Treecreepers that we translocated were captured from 
populations that had been studied since September 2005, with the majority of 
individuals colour-banded and the social relationships already documented (Doerr et 
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al. 2011). We released Brown Treecreeper social groups (adult breeders, adult non-
breeders or helpers, and dependent fledglings) sequentially, approximately every 
second day from 16 November to 1 December 2009. Each group (four to eight 
individuals) was released in a unique polygon representing a combination of the 
experimental treatments (level of ground vegetation cover and presence or absence of 
nest boxes). We attempted to replicate each treatment combination twice, resulting in 
a total of eight groups. However, for logistical reasons only seven groups were 
captured. 
 
We fitted 18 adult Brown Treecreepers (at least two individuals per social group) with 
radio-transmitters (Holohil Systems Model BD-2, weight 0.9 g or 2.8% of the average 
bird weight). Radio-transmitters of this kind have been used extensively in Brown 
Treecreeper studies in the past (Doerr and Doerr 2005; Doerr et al. 2011; Doerr and 
Doerr 2002). We radio-tracked individuals daily from release in November 2009, until 
4 February 2010 with generally at least twice-daily fixes to record the global position 
of individuals (UTM coordinates). However, we also performed more frequent checks 
of birds’ radio-transmitter signals throughout the day, which allowed us to determine 
whether an individual had moved to a different area or not a minimum of four times 
each day (twice in the morning and twice in the afternoon). When such checks 
suggested that an individual bird had moved from the general vicinity of its previous 
location, we physically located the bird to record additional fixes. We obtained as 
many locations as possible for all radio-tracked individuals until the battery of the 
radio-transmitter failed or the individual died or disappeared. Using these methods, 
the interfix interval between locations varied continuously depending upon the 
movement of the individual bird, with shorter interfix intervals during forays. We 
were then able to connect consecutive fixes (locations) for each individual to 
approximate their movement path. This protocol was designed to capture all 
exploratory movements based on knowledge of the approximate duration and timing 
of exploratory forays made by dispersing Brown Treecreepers. We developed the 
protocol through prior extensive radio-tracking of dispersing Brown Treecreepers in 
both continuous and fragmented landscapes (Doerr and Doerr 2005; Doerr 2003).  
 
It has been recommended that animal locations be separated by sufficient time (e.g. 
the time-to-independence) to eliminate autocorrelation bias (Börger et al. 2006; De 
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Solla et al. 1999; Swihart and Slade 1985). The time-to-independence is an estimate 
of the time required for an animal to traverse its home range (Börger et al. 2006; 
Swihart et al. 1988), which for the Brown Treecreeper is often only 15 minutes. Our 
sampling of Brown Treecreeper locations were always at least 15 minutes apart (and 
even hours apart), which should eliminate autocorrelation. Further, recent studies have 
indicated that the focus on time-to-independence is flawed, and biologically important 
information can be gained from observations taken close together (Börger et al. 2006; 
De Solla et al. 1999), such as a closer approximation of an individuals’ movement 
path.  
 
Examination of search techniques 
 
To determine whether released Brown Treecreeper individuals actively searched for 
good quality habitat, we examined their exploratory forays and analysed the 
individuals’ movement paths. Natal dispersers use a foray-based search strategy, 
usually originating from the home territory, to locate breeding territory vacancies, 
where they eventually settle (Doerr and Doerr 2005). As we expected, reintroduced 
Brown Treecreeper individuals used similar behaviours to find habitat to settle in. 
They focused their activities within temporary home ranges, usually initially around or 
close to the release site, then used exploratory forays to find and move between 
temporary home ranges until eventually settling in a final territory. We thus developed 
a foray identification technique to distinguish exploratory forays from the initial, 
temporary home ranges. To do this, we first needed to determine the usual range of 
movement by reintroduced Brown Treecreeper individuals. We used Hawth’s 
Analysis Tools version 3.27 within ESRI® ArcmapTM 9.2 to plot 50 m buffer zones 
(to reflect an assessment radius) around each point where a radio-tracked individual 
was located (Figure 1). The assessment radius replicates the idea than an individual 
can assess the quality of the habitat within the assessment radius as they move through 
the environment. The 50 m distance was chosen based on prior observations of 
response to habitat features and an approaching observer (Doerr and Doerr 2005). 
This approach has been used successfully in other studies and one key point is that the 
results are used in a relative sense, to compare among individuals, so the precision of 
this estimate is not critical (Doerr and Doerr 2004). If 10 or more assessment radii 
overlapped, with each radius overlapping with at least five other radii, we defined this 
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as a ‘temporary home range’, that is an area of concentrated activity analogous to the 
home territory of a non-translocated bird. We measured north-south and east-west 
diameters of each temporary home range to calculate the average length of a 
temporary home range for each radio-tracked individual. We then defined a foray as a 
movement between two temporary home ranges (or away from and then back to the 
same temporary home range) that included at least two consecutive points separated 
by a distance greater than 1.5 times the average length of a temporary home range. As 
prior research suggests that individuals typically undertake forays alone but usually 
interact with conspecifics when in their home territories (Doerr and Doerr 2005), we 
also used behavioural observations of birds at these locations to qualitatively verify 
that this approach was distinguishing between forays and home range movements. 
 
After identifying forays, we then calculated four movement parameters to describe 
different aspects of the movement paths of each individual: (1) foray distance; (2) 
foray rate; (3) search rate; and (4) search area. These parameters were based upon 
existing studies of Brown Treecreeper dispersal from natal territories (Doerr and 
Doerr 2005; Doerr et al. 2011). We calculated foray distance by adding the lengths of 
all forays for each individual bird. We determined foray rate as the number of forays 
divided by the number of days tracked per bird. We calculated search rate by dividing 
the total length of the movement path for each individual by the total number of 
location points recorded for that bird. Finally, we calculated search area using the 
assessment corridor method in the program DRAP v0.99 as described in Doerr and 
Doerr (2005). This method widens the movement path based on the distance over 
which an individual is likely to be able to assess all aspects of habitat quality, that is 
the ‘assessment radius’, which we set at 50 m. Subsequently, we defined the 
assessment corridor (or search area) as the total area covered by this widened search 
path. We conducted analyses on search rate and search area for all radio-tracked birds. 
However, analyses on foray distance and foray rate were conducted only on birds for 
whom we could distinguish forays based on the foray identification technique. 
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(a)          (b) 
 
 
 
Figure 1. Foray identification technique  
 
Movement paths of breeding female Brown Treecreepers monitored via radio-tracking. Black dots are point locations where the individual was 
identified, grey lines connect the consecutive locations, and circles represent a 50 m assessment radius around each location. The limits of the 
temporary home ranges are indicated by the thick black lines. Thin black lines indicate the polygons stratifying the reserves. (a) Breeding female 
(YKMU) radio-tracked for 58 days and undertook 10 forays. Information for locations for some of the forays for this individual are as follows: Foray 1: 
locations from 11:05 to 17:50 6/12/2009; Foray 2: locations from 15:28 12/12/2009 to 15:15 13/12/2009; Foray 3: locations from 11:45 to 17:04 
16/12/2009; and Foray 4: locations from 15:21 18/12/2009 to 13:10 22/12/2009. (b) Breeding female (LBML) radio-tracked for 70 days and did not 
undertake any forays. 
 
We further examined Brown Treecreeper search movement to determine whether 
movement paths show a threshold-like decrease over time as individuals established a 
home range territory. To do this, we calculated the search area of the movement path 
for each individual on a weekly basis using the assessment corridor method detailed 
above. 
 
Habitat attributes at settlement 
 
To determine whether Brown Treecreeper social groups settled in the highest quality 
habitat they encountered, we first determined the location point at which a social 
group had settled. We analysed the movement of the breeding female as a 
representative for the group, except where the female was deceased prior to settlement 
in which case the breeding male was used. For each point that an individual was 
located during the tracking period, we calculated the distance between that point and 
the final location for that individual. We graphed these distances against location 
number for each individual (Figure 2) (note that all members of social group 5 were 
either deceased or had disappeared prior to settlement). An individual was recognised 
as having settled when the distance to final location reached a lower asymptote. This 
was guided by the assumption that early explorations might be far from the final home 
range territory, but once settlement occurs locations should all be within a home 
territory’s diameter of each other. Hence the distance to the final location would 
decrease and then remain relatively constant. Once the point location of settlement 
was determined, we could then identify the date at which this point location was 
recorded. Through comparison with the release date, we could calculate time to 
settlement. 
 
We established the home range for a social group by creating a minimum convex 
polygon around the locations recorded after a group had settled using ESRI® 
ArcmapTM 9.2. We then determined the habitat characteristics of a social group’s final 
home range according to the level of ground vegetation cover and the presence or 
absence of nest boxes in the constituent polygon(s). When the final home range 
overlapped more than one polygon, the social group was determined to have settled in 
a polygon (i.e. used it as part of their home range) if ≥25% of locations after 
settlement were within that polygon. 
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(a) Social group 1 
Movement of Lobelia (LBML), breeding female 
Settlement at location 55 after 24 days 
 
 
 
 
(b) Social group 2 
Movement of Glue (GLMU), breeding female 
Settlement at location 57 after 27 days 
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(c) Social group 3 
Movement of Yagis (YGMS), breeding female 
Settlement at location 10 after 5 days 
 
 
 
 
(d) Social group 4 
Movement of Haiku (YKMU), breeding female 
Settlement at location 58 after 28 days 
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(e) Social group 6 
Movement of Kaja Goo Goo (KGMG), breeding female 
Settlement at location 100 after 41 days 
 
 
 
 
(f) Social group 7 
Movement of Uber (UBMR), breeding male 
Settlement at location 115 after 45 days 
 
 
Figure 2. Graphs depicting the location at which settlement occurred for each of the six 
Brown Treecreeper social groups that settled after reintroduction.  
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Habitat effects on survival 
 
To examine the influence of the habitat type most used on survival, we monitored the 
survival of reintroduced Brown Treecreeper individuals on a daily basis throughout 
the radio-tracking period (from release to 4 February 2010). This was followed by 
monthly monitoring for survival from March 2010 to March 2011. This involved 
targeted searches to locate and identify individuals known or suspected to be alive 
each month. We assessed survival as the number of days (or months for monthly 
survival) that an individual was confirmed alive after release, with disappearances 
treated as non-survival. This method accounted for the staggered release of social 
groups. We identified the habitat characteristics most experienced by a radio-tracked 
individual (in terms of the level of ground vegetation cover (low, medium or high) and 
the presence or absence of nest boxes) over the daily radio-tracking period and during 
monthly surveying. This was determined by calculating the number of times that the 
individual was located in areas with each of the habitat characteristics. Hence, the 
habitat characteristics with the highest number of locations for that individual were the 
characteristics most experienced. 
 
Costs of searching in unfamiliar habitat 
 
To examine the effect of the time taken to search and settle in an unfamiliar 
environment on short-term survival, we determined the number of individuals alive at 
settlement for each group that settled, out of the total number of individuals released.  
 
Statistical Analysis 
 
To quantify how widely individuals searched the reserves for habitat in which to 
settle, we calculated the four movement parameters (foray distance, foray rate, search 
rate and search area) and summarised them using descriptive statistics. We then 
analysed whether individuals decreased their extent of search over time using a linear 
mixed model (LMM) (McCulloch and Searle 2001) to examine the effect of 
monitoring week on the weekly search area (unit of analysis = bird-week, n = 106). 
We included only data obtained from monitoring individuals over complete weeks 
(i.e. seven days for each week) and only for individuals with at least two weeks of 
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radio-tracking data. We used log transformations to achieve normality of search area 
and incorporated gender as a covariate. We included “individual bird” as a random 
factor in the model due to the repeated data collection from each individual that was 
assessed. The relationship between monitoring week and weekly search area appeared 
to approximate a quadratic relationship for some birds. Therefore, we fitted a 
quadratic regression model. 
 
The unit of analysis for all other LMM analyses regarding movement was the 
individual bird (n = 18) and all predictor variables examined applied to individuals. 
However, our data were nested such that individual birds (level-1 units) were 
clustered within social groups (level-2 units). This data structure does not indicate 
pseudoreplication, as the predictor variables vary with level-1 units rather than level-2 
units. However, the influence of the level-2 units needs to be taken into account. 
Modern approaches that avoid data averaging and allow researchers to take full 
advantage of the sample size of level-1 units include hierarchical modelling or mixed 
effects modelling using restricted maximum likelihood procedures (Raudenbush and 
Bryk 2002). We used the latter, modelling level-2 units (social groups) as random 
effects in analyses that were conducted at the individual (n = 18) level. 
 
To examine whether the habitat quality at the release site affected how extensively 
individuals searched the reserves, we analysed the relationships between the 
characteristics at an individual’s release site (level of ground vegetation cover and 
presence or absence of nest boxes) and the four movement parameters (foray distance, 
foray rate, search rate and search area). We constructed LMMs for each of the 
movement parameters, following log transformation of the data on search rate and 
foray distance to achieve normality. We included gender of the individual as a 
covariate. Since not all radio-tracked individuals were sampled with equal effort (due 
to increased sampling effort to record unusual dispersal movements and differential 
length of transmitter battery life), we adjusted our calculations of search area to attain 
consistency between individuals. Search area would be expected to increase with an 
increase in the number of locations for individuals actively searching their 
environments for habitat. We confirmed this by plotting search area against number of 
locations, which revealed a roughly linear relationship. Thus, we divided search area 
for each individual by the number of locations recorded for that individual to obtain an 
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estimate of area searched per location obtained. We included social group as a random 
factor in the LMMs as the movement of one individual may be influenced by the 
movement of other group members.  
 
To determine whether individuals settled in the highest quality habitats that they 
encountered based on our a priori understanding of habitat quality, we constructed a 
contingency analysis for each of the experimental treatments (ground vegetation cover 
and nest boxes) separately using SYSTAT 10 (SPSS Incorporated, Chicago, Illinois, 
USA). The two contingency analyses tested for association between whether Brown 
Treecreeper social groups settled within a polygon or not with either: (1) the level of 
ground vegetation cover within a polygon (low, medium, or high); or (2) the presence 
or absence of nest boxes. We included only the polygons where Brown Treecreeper 
social groups were observed through radio-tracking in the analysis (i.e. habitat 
selection was analysed relative to habitat experienced rather than habitat available) (n 
= 35). For the analysis involving nest boxes, we used the Fisher’s exact test and 
excluded all polygons with low levels of ground vegetation cover as none of these 
polygons received nest boxes. For the analysis of the effect of ground vegetation 
cover, we used the Chi-square likelihood ratio. 
 
We examined the influence of the habitat experienced while searching on survival by 
separating the data on survival of radio-tracked individuals into: (1) the number of 
days known to be alive during the radio-tracking period only (16 November 2009 to 4 
February 2010); and (2) the number of months known to be alive from release until 
March 2011. For consistency in detectability, we only analysed survival for 
individuals released with radio-transmitters attached. We log-transformed daily 
survival to achieve normality and the data were analysed using a generalised LMM. 
We analysed monthly data with a Poisson distribution since the response variable was 
in the form of counts data. Our analyses examined the relationship between survival 
and the habitat characteristics most experienced by each individual in terms of the 
level of ground vegetation cover. Brown Treecreeper individuals were seen 
predominantly in polygons containing no nest boxes; therefore there was insufficient 
variation to include this factor in the analyses. We included bird gender and social 
group as fixed and random factors respectively. 
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To analyse the relationship between time taken to settle and survival, we employed a 
generalised linear regression using binomial distribution. Our analyses examined the 
influence of a social group’s time to settlement on the number of individuals in that 
social group alive at settlement. The total number of group members at release was set 
as the binomial total. 
 
We examined the significance of random factors for all relevant analyses using a 
likelihood ratio test, which compared the deviances (2 times the log likelihood) of 
models with and without the random factor included (Bolker et al. 2009; Pinheiro and 
Bates 2000). If removing the random factor caused a large enough drop in the log-
likelihood, when compared to a chi-squared distribution with degrees of freedom 
equal to the number of additional models in the more complex model, then the factor 
was statistically significant. If the difference was not significant, we eliminated the 
random factor and generalised linear models were constructed (McCullagh and Nelder 
1989).  
 
For models containing two or more independent variables, we used backward 
elimination to remove the least significant variables from the model using the Wald 
statistic. We continued this until all variables in the final model were statistically 
significant (P < 0.05). We used this method since it is a standard statistical test for 
comparing nested models, particularly when assessing fixed effects (Bolker et al. 
2009; Lewis et al. 2011; Pinheiro and Bates 2000), and the number of variables was 
small enough to consider all possible models (full model vs. possible nested 
models).We conducted all statistical analyses using Genstat 13th Edition except where 
specified.  
 
Results 
 
We recorded a total of 1447 locations for 18 radio-tracked Brown Treecreeper 
individuals from 16 November 2009 to 4 February 2010. The average number of 
locations per bird was 80.39 (± 12.28 s.e.), and ranged from four to 157 locations. We 
tracked individuals for an average of 43.33 (± 6.01 s.e.) days resulting in an average 
total distance moved of 13.65 (± 3.27 s.e.) kilometres. Large variations in the values 
listed above were due to some individuals losing their radio-transmitter early (i.e. 
149 
before 9 weeks of use), or early fatality. The movement paths for all radio-tracked 
Brown Treecreepers are presented in Appendix A. 
 
After release, six of the social groups left their release polygon and began exploring 
the wider environment. There was not enough data collected on the seventh group to 
determine their movements due to early fatalities and the loss of radio-transmitters. 
We observed some groups moving relatively linearly (i.e. not in forays) as a unit and 
settling in new areas. In comparison, we also observed a number of instances of adult 
individuals moving independently rather than as a group. This included some breeding 
females moving away from fledglings for some time to conduct forays (the majority 
of these forays took less than one day, but up to three days). These dispersal 
movements often resulted in the entire social group eventually moving to new 
locations. There was only one occasion where an individual undertook a foray and 
settled independently away from its social group.  
 
Search techniques 
 
Of the 18 radio-tracked Brown Treecreeper individuals, we observed seven (39%) 
embarking on forays (Table 1). The two individuals with the highest foray distances 
and two of the three highest foray rates (KGMG and UBMR) were members of the 
two social groups released within Goorooyarroo Nature Reserve. Of the 76 forays, 55 
(72.37%) forays were conducted by individuals away from the group, in the remaining 
21 forays the individual was observed within 10 m of another group member at some 
point during the foray. The search rate for all radio-tracked Brown Treecreeper 
individuals averaged 143.76 (± 20.75) metres/location. The average search area for all 
individuals was 77.47 (± 19.36 s.e) hectares, ranging up to 288.84 ha.  
 
We identified significant variation in search area among the individuals (σ2 = 0.067, P 
< 0.001). However, there was no significant effect of week (χ2 = 2.79, d.f. = 1, P = 
0.095) or week2 (χ2 = 2.95, d.f. = 1, P = 0.086) on search area, although examination 
of the raw data suggested a quadratic relationship between week and search area 
(Figure 3). There also was no significant effect of gender (χ2 = 0.36, d.f. = 1, P = 
0.549) on search area.  
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Table 1. Search patterns and movement parameters 
 
Details of the search patterns and movement parameters displayed by the seven Brown 
Treecreeper individuals that embarked on forays. Details include the number of forays, 
range of distances of forays, total distance of all forays for that individual, foray rate 
(number of forays divided by number of days tracked), and the furthest distance from 
the release site that the individual was recorded. 
 
 
Bird ID Sex Social 
group 
Number 
of forays 
Range of 
foray 
distances (m) 
 
Total 
distance of 
forays (m) 
Foray rate 
(foray/day) 
Furthest 
distance 
(m) 
GLMU F 2 1 3627 3627 0.014 2051 
KGMG F 6 24 384-5063 30497 0.364 2425 
RGMB M 6 4 908-2880 6000 0.133 907 
RUMK M 4 7 411-6834 17439 0.108 4846 
UBMR M 7 16 445-7599 31227 0.242 3735 
USMB M 4 14 848-2733 18566 0.250 1559 
YKMU F 4 10 347-3736 10498 0.172 1264 
Average 
(± s.e.) 
 
 
 
 10.86  (± 2.96) 
1550.71  
(± 168.07) 
16836.29  
(± 4166.61) 
0.18  
(± 0.04) 
2398.10 
(± 537.05) 
 
 
 
 
 
 
Figure 3. Weekly search area 
 
The average (± s.e.) search area in hectares for radio-tracked Brown Treecreeper 
individuals on a weekly basis. The number of individuals included in the analysis of 
search area per week are (from week 1 to 10): 15, 15, 13, 11, 10, 10, 10, 10, 8 and 4, total 
n = 106. 
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We examined the influence of the release site habitat characteristics on the extent of 
released individuals’ movement. The foray distance travelled by individuals was not 
influenced by the release site characteristics or the gender of the individual (Table 2). 
Similarly, these factors did not significantly influence Brown Treecreeper foray rate, 
search rate or search area. For all of these analyses regarding the four movement 
parameters significant variation between social groups was identified (Table 2).  
 
 
Table 2. Influences on movement parameters 
 
Results from linear mixed models analysing the effect of gender, the ground vegetation 
level and the presence or absence of nest boxes at the release site on foray distance, foray 
rate, search rate and search area. Social group had a significant effect in all analyses, σ2 
= the variance of the random factor. 
 
 
Response Term Factor χ2 d.f. P 
 
Foray distance Ground vegetation level 0.06 1 0.802 
 Nest box 1.08 1 0.299 
 Gender 1.75 1 0.186 
 Social group (σ2 = 6.040)   0.005 
 Error (1.06 ± 0.61) 
 
   
Foray rate Ground vegetation level 0.01 1 0.918 
 Nest box 0.90 1 0.343 
 Gender 0.82 1 0.364 
 Social group (σ2 = 0.019)   0.019 
 Error (0.01 ± 0.00) 
 
   
Search rate Ground vegetation level 0.94 1 0.331 
 Nest box 0.01 1 0.924 
 Gender 0.28 1 0.595 
 Social group (σ2 = 0.092)   0.027 
 Error (0.05 ± 0.02) 
 
   
Search area Ground vegetation level 0.37 1 0.543 
 Nest box 0.05 1 0.826 
 Gender 0.07 1 0.785 
 Social group (σ2 = 0.302)   0.007 
 Error (0.11 ± 0.05) 
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Habitat attributes at settlement 
 
We observed six of the seven social groups settle and establish home ranges after 
release. The time to settlement ranged from five to 45 days, with an average of 28.33 
(± 5.78 s.e.) days. The home range of the six groups after settlement ranged from 2.64 
ha to 29.30 ha, with an average of 12.66 (± 4.51 s.e.) hectares. The polygons in which 
social groups settled averaged 17.89 (± 4.60 s.e.) hectares, ranging from 8.66 to 51.58 
ha. The home range of all social groups overlapped at least two polygons. 
 
We examined the effect of experimental treatments on whether a polygon was settled 
in or not (i.e. whether it was used as part of the final home range). We detected a 
significant effect of the level of ground vegetation cover on settlement (χ2 = 6.031, d.f. 
=2, P = 0.049). Dry forest polygons with low vegetation cover had the highest 
proportional rate of settlement (54.55%, n = 11) followed by high and medium 
polygons (42.86%, n = 3 and 12.50%, n = 2 respectively). We detected that the Brown 
Treecreeper utilised 10 polygons with nest boxes, but settled in none of them, and 24 
polygons without nest boxes and settled in 11 (46%) of these, a significant difference 
(Fisher’s exact test: P = 0.046). 
 
Habitat effects on survival 
 
We detected 91% confirmed survival of released Brown Treecreepers 3 day post-
release, 65% four weeks post-release and 42% survival six months post-release (see 
Paper II for extensive details on reintroduced Brown Treecreeper survival). We 
detected a significant effect of the level of ground vegetation cover most experienced 
on the daily survival of Brown Treecreepers over the radio-tracking period (χ2 = 
11.050, d.f. = 2, P = 0.016), with high predicted survival for individuals that primarily 
used dry forest polygons with low levels of ground vegetation cover (Figure 4a). 
However, there was not a significant influence of gender on survival (χ2 = 2.071, d.f. 
= 1, P = 0.172), or variation in survival according to social group (σ2 = 0.115, P = 
0.098). Monthly survival of individuals over sixteen months to March 2011 was not 
significantly influenced by either ground vegetation cover (χ2 = 1.090, d.f. = 2, P = 
0.614), or gender (χ2 = 0.050, d.f. = 1, P = 0.823), although there was significant 
variation due to social group (σ2 = 0.781, P = 0.036). For both time periods survival 
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was lowest for individuals within woodland areas with medium levels of ground 
vegetation cover (Figure 4 a and b). 
 
 
 
 
Figure 4. Confirmed survival 
 
Survival for reintroduced Brown Treecreeper individuals: (a) the average (± s.e.) 
number of days confirmed alive during the radio-tracking period 16 November 2009 to 4 
February 2010); and (b) the average (± s.e.) number of months confirmed alive during 
monitoring for 16 months after release (to March 2011). Results are given according to 
the level of ground vegetation cover most experienced by the individual during the 
monitoring period. Sample sizes of number of individuals are: (a) Low: 8; Medium: 8; 
and High: 2; and (b) Low: 8; Medium: 6; and High: 4.  
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Costs of searching in unfamiliar habitat 
 
The time to settlement for a social group (average 28.33 days (± 5.78 s.e.)) did not 
significantly influence the number of group members alive at settlement (when 
calculated in relation to the number of group members at release) (χ2 = 0.140, d.f. = 1, 
P = 0.709). 
 
Discussion 
 
We examined whether experimental treatments at the reintroduction site (specifically 
variations in the level of ground vegetation cover, and installation of nest boxes) 
influenced the movement, selection of final home range and survival of reintroduced 
Brown Treecreepers. In addition, we examined details of the species’ movement 
behaviour and potentially associated influences on survival. The key findings of our 
analyses were: 1) some individuals made extensive movements irrespective of the 
release site habitat characteristics or gender; 2) social factors appeared to influence the 
movement and survival of Brown Treecreeper individuals more than habitat; and 3) 
Brown Treecreepers showed some preference for dry forest areas, although there was 
only limited evidence that experimental restoration treatments influenced the selection 
of final home range and survival.  
 
Search techniques 
 
We observed extensive movements by reintroduced Brown Treecreeper individuals 
during the radio-tracking period. In particular, the average distance and maximum 
distance of forays (1550.71 m; and 7.60 km respectively) were greater than distances 
previously observed among Brown Treecreeper natal dispersers (1099 m and 2.60 km 
respectively) (Doerr et al. 2011). Further, the three largest home ranges (12.86 to 
29.30 ha) were much greater than typically recorded elsewhere in south-east Australia 
(average 3-6 ha) (Doerr and Doerr 2006). The extensive movements that we observed 
also occurred in individuals of other species that have been translocated (Clarke and 
Schedvin 1997; Hester et al. 2008; Van Zant and Wooten 2003). Extensive 
movements may be a result of: 1) a lack of conspecifics due to the absence of resident 
Brown Treecreepers within the release reserves, since conspecifics that are engaged in 
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territory defence might encourage individuals to remain close to the release site 
(Martín et al. 2008; van Heezik et al. 2009); 2) the large size of the nature reserves 
(1623 ha of connected habitat compared to the source habitat which consisted of 
remnant patches linked by corridors or scattered trees and ranging in size from five to 
90 ha) which reduces patch boundaries (Heidinger et al. 2009); 3) low habitat quality 
which can be associated with larger home ranges (Lurz et al. 2000; Schradin et al. 
2010) (ground foraging habitat and refuge habitat appeared to be of lower quality in 
the reintroduction reserves in comparison to the source sites (Paper V)); or 4) possible 
rejection of the release site (Stamps and Swaisgood 2007). Thus, such extensive 
movements may signal a problem with release sites in reintroductions. Yet, the result 
also indicates that reintroduced individuals are likely to be able to adjust their 
movement behaviours and find suitable habitat, even if it exists outside their normal 
dispersal distances. Forays undertaken by Brown Treecreepers, particularly those 
which involved the movement of an entire social group, may therefore be an 
indication of individuals searching for more suitable habitat in which to settle (see 
Paper V for comparisons of habitat quality at release sites and settlement sites). 
Extensive movement by released individuals may also result in an underestimation of 
true survival. However, it is unlikely that many individuals have survived undetected 
given that detectability of Brown Treecreepers with and without radio-transmitters did 
not differ substantially (Paper II). Further, it could be argued that the disappearance of 
individuals due to dispersal is just as much a failure of the reintroduction as mortality 
of individuals (Le Gouar et al. 2008). 
 
In our examination of the weekly search area, we did not identify a significant effect 
of monitoring week, but the data suggested a roughly quadratic relationship between 
monitoring week and search area. This is in contrast to our prediction that individuals 
would actively search widely through the environment before choosing to settle, thus 
exhibiting a decrease in search area over time. Indeed, translocated individuals, 
particularly birds, often display high rates of relatively immediate dispersal away from 
the release site (Armstrong et al. 1999; Clarke and Schedvin 1997; Musil et al. 1993; 
Tweed et al. 2003). The relationship we observed between search area and week is not 
frequently reported and initial low search areas may be a result of releasing birds in 
social groups with familiar group members (Clarke et al. 2002), or initial caution or 
stress by individuals due to the translocation or inexperience in an unfamiliar 
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environment (Banks et al. 2002; Bright and Morris 1994; Dickens et al. 2010). This 
would then be followed by more active search for habitat, and then eventual 
settlement. This would be an advantageous approach, since previous studies have 
indicated that bolder individuals or those moving greater distances suffer increased 
mortality (Armstrong 1995; Meek et al. 2003; Moehrenschlager and Macdonald 
2003). We did, however, identify highly significant variation in search area among 
individuals. High individual variation has previously been identified in the movement 
of Brown Treecreeper natal dispersers (Doerr and Doerr 2005; Doerr and Doerr 2004), 
which may be influenced by the various benefits of differing search tactics. Hence, 
individual variation may contribute to the unexpected results in the movement of 
reintroduced individuals.  
 
Our analyses of Brown Treecreeper movement parameters (foray distance, foray rate, 
search rate and search area), showed that movement was not significantly influenced 
by the release site habitat quality. This was despite a priori predictions that 
individuals released in poorer quality habitat (postulated to be those with high levels 
of ground vegetation cover and no nest boxes) would be more inclined to disperse 
(Enfjäll and Leimar 2009; Lin et al. 2006) and hence would have increased movement 
(but see (Rémy et al. 2011)). Thus, reintroduced individuals may always explore their 
surroundings regardless of the quality of the habitat they are provided with. However, 
the lack of an effect of the release site in our study may also be due to large individual 
variation (Doerr and Doerr 2005; Doerr and Doerr 2004); or the potential effects of 
other factors on movement such as additional habitat factors, predation pressure or 
body condition (Ims and Hjermann 2001; Wiens 2001), the comparison of habitat 
characteristics with those present in the individual’s natal site (Stamps and Swaisgood 
2007), or stress following translocation (Dickens et al. 2010). Additionally, movement 
parameters were not influenced by gender, with both males and females undertaking 
extensive forays. This was unexpected since natal dispersal by the Brown Treecreeper 
(and indeed by many other bird species (Greenwood 1980)) is largely female-biased 
(Doerr and Doerr 2006). This may be a particularly important result, as it suggests that 
movement behaviour following a reintroduction is not easily predictable, and should 
not be exclusively based on studies of movement in other contexts, such as natal 
dispersal.  
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We found significant variation between social groups for all analyses of Brown 
Treecreeper movement. This indicates that social factors or group characteristics may 
be a more important influence on movement and dispersal than habitat characteristics, 
although it is still unclear what exactly those social factors might be. One consequence 
of this finding is that regardless of how precisely a release site is chosen, some 
individuals and groups are still likely to move extensively. 
 
Habitat attributes at settlement and their effect on survival 
 
The settlement of social groups was significantly influenced by the level of ground 
vegetation cover within a polygon. Settlement was highest in dry forest polygons with 
low levels of ground vegetation cover. However, settlement was lowest in polygons 
with medium ground vegetation cover rather than those with high cover. Daily 
survival over the radio-tracking period and monthly survival showed similar trends, 
with high survival in polygons with high and low ground vegetation cover, and lowest 
survival in polygons with medium ground vegetation cover. We had predicted that 
woodland areas with lower levels of ground vegetation (which would correspond to 
polygons with medium levels of ground vegetation cover) would be preferred based 
on extensive literature on the species’ requirements (e.g. Cooper and Walters 2002b; 
Doerr et al. 2006; Walters et al. 1999), which suggests that lower levels of ground 
vegetation cover improve accessibility to invertebrate prey for this woodland-
dependent, ground-foraging species (Vandenberghe et al. 2009; Watson 2011) and 
facilitate easier detection of and escape from predators (Doerr et al. 2006). Instead, 
Brown Treecreepers showed a preference for areas with the lowest ground vegetation 
cover, which were dry forest areas, but they also preferred high cover over medium 
ground vegetation cover in woodland areas. Areas of dry forest were dominated by a 
variety of rough-barked and smooth-barked species including Eucalyptus 
macrorhyncha, E. rossii and E. mannifera (Lepschi 1993), and consistently contained 
higher levels of leaf litter and bare ground than woodland areas (pers. obs.) The 
unexpected low settlement and survival in areas with medium ground vegetations may 
be influenced by habitat characteristics that we did not measure, such as predation 
events, or the condition of the social group’s natal habitat, which may result in the 
rejection of suitable habitat or the selection of suboptimal habitat (Stamps and Davis 
2006; Stamps and Swaisgood 2007). However, areas with medium cover in these 
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reserves correlated with woodland areas with more intensive kangaroo grazing and/or 
a history of intense livestock grazing in comparison to woodland areas with high 
ground vegetation cover. Although grazing may improve the accessibility of 
invertebrate prey (Vandenberghe et al. 2009), grazing is also likely to reduce the 
condition of the ground layer and decrease the abundance and diversity of the 
associated invertebrate prey (Lindsay and Cunningham 2009; Luck 2003; Watson 
2011). This suggests that this woodland bird may actually prefer dry forests when 
woodlands have declined in condition, and that additional investigation of habitat 
preferences and restoration techniques are required. Further, previously reported 
tolerance of grazing in this species may be misleading, as grazing is unlikely to 
provide a substitute for the natural processes that would occur in woodlands to create 
areas of low ground vegetation cover important to the Brown Treecreeper such as a 
cryptogamic crust and dense leaf litter layer (Antos and Bennett 2006; Maron and Lill 
2005). Thus, a more nuanced understanding of the relationship between woodland 
birds and woodland vs. forest habitats may be required to reliably predict areas that 
will be good quality habitat for reintroductions. 
 
We detected significantly higher settlement in polygons without nest boxes. This 
result was unexpected based on our predictions that individuals would be more likely 
to settle in polygons with nest boxes. However, this result was only slightly significant 
(P = 0.046), and may have been influenced by the general movement of Brown 
Treecreeper social groups to non-experimental, dry forest polygons. The result may 
also be influenced by other habitat characteristics such as the quantity of naturally-
occurring cavities (Cooper and Walters 2002b), which was not quantified in this 
study, although are known to be limiting in relation to other habitats supporting the 
Brown Treecreeper (Paper V). We did not have an appropriate opportunity to test the 
use of nest boxes and did not observe any individuals utilising the nest boxes. 
However, there are many existing observations of the species using artificial hollows 
with a wide variety of characteristics (Higgins et al. 2001). 
 
Costs of searching in unfamiliar habitat 
 
Our analyses indicated that settlement time did not significantly influence the survival 
of group members at settlement. We predicted that longer settlement times for social 
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groups would result in higher mortality of individuals due to the costs of searching 
within an unfamiliar environment (Moehrenschlager and Macdonald 2003; Sakai and 
Noon 1997; Yoder et al. 2004). It is possible that the use of exploratory forays and in 
particular the relatively low average foray rate employed (0.18 forays/day), allowed 
individuals to explore the wider environment without incurring significant costs such 
as an increased risk of predation. However, although our study obtained many 
observations on Brown Treecreeper movement, the logistical and financial difficulties 
associated with radio-tracking large numbers of individuals prevented us from 
obtaining enough data to conduct statistical analyses with high power. Therefore, we 
need to be cautious about our conclusions from this paper, such as any suggestions 
that searching does not entail costs. However, this study provided a unique 
opportunity to examine the details of movement and habitat selection of a 
reintroduced ground-foraging insectivore.  
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Appendix A 
 
Movement paths for all radio-tracked Brown Treecreepers 
 
Movement paths are presented in order of release. All locations where the Brown 
Treecreeper individual was identified are presented as blue dots, with consecutive 
locations joined by a black line to create the movement path. The release location for 
the social group (light green circle), and the final location where the bird was 
observed whilst still wearing a functioning radio-transmitter (red circle) are also 
depicted. The polygons and experimental treatments within Mulligans Flat and 
Goorooyarroo Nature Reserves (see Paper II) are also depicted: kangaroo exclusion 
fences (orange lines), species-specific nest boxes (dark green circles) and 1 ha coarse 
woody debris sites (light green rectangles).  
 
Social group 1 – released 16 November 2009 
LBML – Lobelia, breeding female 
122 locations to 24 January 2010 
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BLMR – Blur, breeding male 
119 locations to 21 January 2010 
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Social group 2 – released 18 November 2009 
GLMU – Glue, breeding female 
126 locations to 26 January 2010 
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UKMR – Euchre, helper male 
45 locations to 10 December 2009 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
172 
 
 
BRMK – Brik-a-brak, helper male 
123 locations to 26 January 2010 
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Social group 3 – released 23 November 2009 
YGMS – Yagis, breeding female 
117 locations to 2 February 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
174 
 
 
GGMB – Gigabyte, helper male 
40 locations to 14 December 2009 
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Social group 4 – released 25 November 2009 
YKMU – Haiku, breeding female 
108 locations to 21 January 2010 
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USMB – USB port, breeding male/helper male 
99 locations to 19 January 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
177 
 
 
RUMK – Rumplestiltskin, helper male 
110 locations to 28 January 
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Social group 5 – released 27 November 2009 
LGMS – Legs, breeding female 
5 locations to 29 November 2009 
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GBMR – Goober, helper female 
19 locations to 11 December 2009 
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RRMU – Rerun, helper male 
4 locations to 28 November 2009 
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Social group 6 – released 29 November 2009 
KGMG – Kaja goo goo, breeding female 
148 locations to 2 February 2010 
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RGMB – TV, breeding male 
58 locations to 28 December 2009 
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Social group 7 – released 1 December 2009 
RSMB – Rosebud, breeding female 
17 locations to 7 December 2009 
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UBMR – Uber, breedinig male/helper male 
157 locations to 4 February 2010 
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LSMU – Lassoo, breeding male/helper male 
30 locations to 18 December 2009 
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A Brown Treecreeper ready for release 
Photo by Peter Mills 
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Paper IV: Habitat selection and behaviour of a 
reintroduced passerine: Linking experimental 
restoration, behaviour and habitat ecology 
 
 
 
This chapter is under review following referees’ reports within the journal PLoS ONE 
as:  
Bennett V.A., Doerr V.A.J., Doerr E.D., Manning A.D., Lindenmayer D.B., & Yoon 
H-J. Habitat selection and behaviour of a reintroduced passerine: Linking 
experimental restoration, behaviour and habitat ecology. 
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Abstract 
 
Habitat restoration can play an important role in recovering functioning ecosystems 
and improving biodiversity. Restoration may be particularly important in improving 
habitat prior to species reintroductions. We reintroduced seven Brown Treecreeper 
(Climacteris picumnus) social groups into two nature reserves in the Australian 
Capital Territory in south-eastern Australia. This study provided a unique opportunity 
to understand the interactions between restoration ecology, behavioural ecology and 
species’ habitat use. We examined how experimental restoration treatments (addition 
of coarse woody debris, variations in ground vegetation cover and nest box 
installation) influenced the behaviour and microhabitat use of radio-tracked Brown 
Treecreepers to evaluate the success of restoration treatments. The addition of coarse 
woody debris benefited the Brown Treecreeper through increasing the probability of 
foraging on a log or on the ground. This demonstrated the value of using behaviour as 
a bio-indicator for restoration success. Based on previous research, we predicted that 
variations in levels of ground vegetation cover would influence behaviour and 
substrate use, particularly the use of ground substrates through varying predation risk 
and prey availability. However, there was little effect of this treatment, which was 
likely influenced by the limited overall use of the ground layer. There was also little 
effect of nest boxes on bird behaviour or substrate use. These results confound our 
understanding of the species based on research from extant populations, and have a 
significant impact regarding using this knowledge to inform reintroductions and 
restoration. This study also places great emphasis on the value of applying an 
experimental framework to ecological restoration, particularly when reintroductions 
produce unexpected outcomes. 
 
Keywords: ecosystem restoration, eucalypt woodland, behaviour, reintroduction, 
Brown Treecreeper. 
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Introduction 
 
Habitat destruction and degradation are major causes of biodiversity loss worldwide 
(Butchart et al. 2010; Fischer and Lindenmayer 2007). The ability of remaining 
habitat to support functioning populations of native species may be diminished 
because of the condition of the habitat. Therefore, restoration can play an important 
role in regaining functioning ecosystems and biodiversity (Benayas et al. 2009; Hobbs 
and Harris 2001). 
 
Species reintroductions will become an increasingly important part of ecosystem 
restoration, particularly where the poor dispersal capabilities of a species prevents 
natural re-colonisation. However, reintroductions must also work in concert with 
habitat restoration. Habitat restoration may be a necessary prerequisite to species 
reintroduction, especially for degraded habitats (IUCN 1998). Restoration activities 
may aid in improving the habitat suitability of the release site, which is a vital factor 
influencing the success or failure of a translocation (Paper I; Ewen and Armstrong 
2007; Griffith et al. 1989).  
 
Unfortunately, knowledge of how to restore habitat is hampered by the under-
utilisation of an experimental framework within restoration projects (Holl et al. 2003). 
Furthermore, the effectiveness of restoration efforts is typically assessed by analysing 
the resulting species composition and richness within the habitat (Lindell 2008; Ruiz-
Jaen and Aide 2005). Yet, such techniques do not establish a functional connection 
between species presence and the experimental treatments, or necessarily reflect the 
quality of the restored habitat and its effect on species survival and reproduction 
(Bock and Jones 2004; Cabezas et al. 2011). An improved understanding of how 
individual animals utilise habitat and the importance of particular resources can be 
obtained through examination of how they behave in restored habitat (Lindell 2008; 
Morrison et al. 2010). Behavioural patterns can provide valuable information for 
conservation biology (Berger-Tal et al. 2011) by revealing information on food 
availability (e.g. Morrison et al. 2010), foraging preferences in different habitats (e.g. 
Pomara et al. 2003), and factors influencing reproductive success (e.g. Doerr and 
Doerr 2007). In restored environments, documentation of patterns of behaviour and 
microhabitat use can verify whether or not the effects of habitat features are as 
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predicted for a particular species based on prior ecological information in intact 
environments. Thus, species behaviour can identify variation in habitat quality, act as 
a bio-indicator for the success or failure of restoration treatments (Ortega-Álavarez 
and Lindig-Cisneros 2012), and hence inform land management and further ecological 
understanding.  
 
Mulligans Flat and Goorooyarroo Nature Reserves are temperate woodland reserves in 
the Australian Capital Territory in south-eastern Australia that are currently being 
restored through a large-scale experiment (Manning et al. 2011; Shorthouse et al. 
2012). Experimental manipulations throughout the reserves include the addition of 
2,000 tonnes of coarse woody debris, variation in ground vegetation cover (partly 
through management of kangaroo grazing) and the installation of nest boxes. We 
reintroduced the Brown Treecreeper, Climacteris picumnus, a bark and ground-
foraging passerine, into these reserves as a part of this ecosystem restoration 
experiment. Seven Brown Treecreeper social groups, comprised of 43 individuals, 
were released in November-December 2009 (Paper II). These social groups were 
sourced from two wild populations in the Murrumbidgee region of New South Wales.  
 
The Brown Treecreeper recently disappeared from the reintroduction site possibly due 
to the effects of habitat degradation and fragmentation (Cooper and Walters 2002a; 
Cooper et al. 2002; Ford et al. 2009; see Paper II). However, the experimental 
manipulations within the reserves were specifically designed to ameliorate any effects 
of habitat degradation for this and other ground-foraging birds, which are declining 
throughout their range (Ford 2011; Ford et al. 2009; Watson 2011). In particular, 
coarse woody debris provides refuges for treecreepers from predators (Luck 2002; 
Noske 1982), as the species flees to nearby hollows in trees or logs when under threat 
from air-borne predatory or aggressive species (Higgins et al. 2001). The species may 
act less cautiously (i.e. forage more on the ground) when near these structures, since 
an individual’s distance from a refuge is likely to influence its perceived predation 
risk (Lima and Dill 1990; Stankowich and Blumstein 2005; Stokes et al. 2004; Unck 
et al. 2009). Further, added coarse woody debris has increased invertebrates within the 
reserves (Barton et al. 2011), and provides suitable foraging substrates for the Brown 
Treecreeper (Antos and Bennett 2006; Walters et al. 1999).  
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Variations in the level of ground vegetation cover (enhanced by areas excluding 
kangaroo grazing) may influence the accessibility of food (Morris et al. 2001; 
Whittingham and Devereux 2008) and the perceived predation risk of individuals 
foraging in the ground-layer (Butler et al. 2005b). A relatively low level of ground 
vegetation cover has been associated with increased reproductive success for the 
Brown Treecreeper because it may improve foraging efficiency and facilitate the 
detection of, and the escape from, predators (Doerr et al. 2006). Finally, installed nest 
boxes may provide additional escape hollows when birds are under threat from 
predation (along with providing opportunities for nesting). Therefore, the Brown 
Treecreeper is an appropriate focal species for testing the effectiveness of restoration 
treatments conducted in the reserves (see Ortega-Álavarez and Lindig-Cisneros 2012). 
 
In the reintroduction program we report here, we analysed the behaviour and micro-
habitat use of reintroduced Brown Treecreepers to examine how well the species 
responded to habitat restoration and hence also the effectiveness (or success) of the 
restoration actions. We hypothesised that the addition of coarse woody debris, the 
maintenance of relatively low levels of ground vegetation cover, and the installation 
of nest boxes would improve the habitat for this species, which would be reflected in 
the display of particular behaviours and use of particular substrates in these different 
treatment areas. Specifically, we predicted that:  
1. Increased levels of ground vegetation cover would decrease the probability of 
individuals using the ground layer, particularly for foraging.  
2. Increased levels of ground vegetation cover would reduce the ability to detect 
predators and thus decrease the probability that individuals would display 
vulnerable behaviours (resting and preening), particularly when on the ground 
and on logs. 
3. Increased levels of ground vegetation cover would reduce the ability to detect 
predators and thus increase the probability that individuals would display 
vigilance, particularly when on the ground and on logs. 
4. The addition of coarse woody debris would increase the probability that 
individuals would forage on the ground and on logs. 
5. The addition of coarse woody debris would provide more refuges from 
predators and aggressive species and thus increase the probability that 
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individuals would display vulnerable behaviours (resting and preening) and 
decrease vigilance. 
6. The installation of nest boxes would provide more refuges from predators and 
aggressive species and thus increase the probability that individuals would 
display vulnerable behaviours (resting and preening) and decrease vigilance.  
 
Testing these predictions through an experimental reintroduction successfully 
integrated three sub-fields of ecology that are typically addressed separately: 
restoration ecology, behavioural ecology and species’ habitat use. This study will 
provide a greater understanding of: 1) the effectiveness (or success) of ecosystem 
restoration; 2) the biology and behaviour of the Brown Treecreeper; and 3) the 
reintroduction process, including the importance of habitat suitability and the 
utilisation of existing knowledge on species populations to inform species 
reintroductions.  
 
Materials and methods 
 
Study Area 
 
Mulligans Flat Nature Reserve and Goorooyarroo Nature Reserve are located in the 
Australian Capital Territory and were established in 1995 and 2004 respectively. They 
were previously leasehold grazing land. In total, the reserves cover 1623 ha of 
predominantly partially-modified lowland temperate woodland and dry forest 
(Shorthouse et al. 2012). Australia’s temperate woodlands are an extensively modified 
ecosystem (Lindenmayer et al. 2010; Yates and Hobbs 1997). Human-induced 
disturbances within temperate woodlands include vegetation clearing and 
fragmentation, removal of coarse woody debris for firewood and fencing, livestock 
grazing, the loss of mature trees (an important source of nesting hollows), the invasion 
of exotic species, and the dominance of aggressive species such as the Noisy Miner, 
Manorina melanocephala (Lindenmayer et al. 2010; Prober et al. 2002; Shorthouse et 
al. 2012; Yates and Hobbs 1997). Restoring such habitats within an experimental 
framework is highly desirable (Lindenmayer et al. 2010; Manning et al. 2011). 
Mulligans Flat Nature Reserve has an 11.5 km mammalian predator-proof fence 
erected around its perimeter which excludes predators such as feral cats and the Red 
195 
Fox (Vulpes vulpes), and will therefore allow reintroductions of locally extinct native 
mammal species in future years.  
 
Mulligans Flat and Goorooyarroo Nature Reserves are the location of the ‘Mulligans 
Flat – Goorooyarroo Woodland Experiment’ (Manning et al. 2011; Shorthouse et al. 
2012). This experiment aims to quantify biodiversity responses to restoration 
treatments within temperate woodlands (Manning et al. 2011). For that experiment, 
the reserves were stratified into ‘polygons’ according to vegetation type and structure. 
Twenty-four polygons containing woodland were selected as experimental polygons. 
Each experimental polygon was subject to the addition of 80 tonnes of coarse woody 
debris (CWD) in an attempt to reverse the negative effects of previous removal of 
timber over the past 150 years. The addition of CWD in each polygon was arranged 
within four 1 ha sites: (1) no added CWD; (2) 20 tonnes of CWD in a dispersed 
pattern; (3) 20 tonnes of CWD distributed to mimic a tree fall (clumped); and (4) 40 
tonnes of CWD with both dispersed and clumped distributions. In addition, the 
intensity of grazing across the reserves, and thus the cover and biomass of ground 
vegetation, was manipulated through the creation of kangaroo exclusion areas 
(Manning et al. 2011). Experimental manipulations within the reserves commenced in 
spring 2007. 
 
Experimental framework 
 
We classified each of the experimental polygons according to two additional 
experimental treatments: 1) high or medium ground vegetation cover; and 2) the 
presence or absence of nest boxes. We categorised ground vegetation cover using data 
on vegetation characteristics collected by McIntyre et al. (2010). We extracted data on 
total biomass and live plant basal area of all herbaceous plants plus sub-shrubs (<50 
cm tall) for each polygon. We incorporated both basal area and biomass since both 
could influence ground layer quality and the manoeuvrability of Brown Treecreepers 
while ground-foraging. We created standardised scores of each of these variables 
(Student’s t statistics, i.e. z-scores for a population that has only been sampled and is 
not fully known) and summed the scores to create a single measure for ground 
vegetation. We then ranked the experimental polygons according to this measure to 
create categories of ground vegetation cover (medium and high), with the lower 50% 
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classified as containing ‘medium’ levels of ground vegetation (average score -1.00; 
range -2.17 to -0.16) and the upper 50% classified as containing ‘high’ ground 
vegetation (average score 1.07; range -0.11 to 3.99). 
 
Brown Treecreepers also utilised areas that were outside the experimental polygons 
previously established, particularly non-woodland areas. These areas were used during 
the extensive dispersal of individuals, but also after settlement as final home ranges 
(Paper III). For these areas, we classified non-experimental woodland areas as 
medium or high ground vegetation cover through comparison with experimental 
polygons. If a non-experimental area was dry open forest, we assigned it a ‘low’ level 
of ground vegetation cover.  
 
Finally, we installed 216 species-specific nest boxes in half (12) of the experimental 
polygons (six in high and six in medium ground vegetation cover) distributed 
uniformly across the nature reserves. We clustered nest boxes (40 cm deep, 10x10 cm 
base, 5 cm hollow opening) on trunks of large trees (four or five per tree) to make 
them more apparent to the Brown Treecreeper, and placed them between four to eight 
metres above ground, which was within the normal range of nest heights. We 
designed the nest boxes using knowledge of the behaviour and natural nesting hollow 
dimensions of the Brown Treecreeper, as collected by Noske (1982), while also 
aiming to reduce competition with other cavity-using species like the Common 
Starling (Sturnus vulgaris). 
 
Study Species 
 
The Brown Treecreeper is a woodland dependent bird that nests and roosts in 
naturally-occurring tree cavities in a variety of eucalypt species (Noske 1982). The 
species is almost entirely insectivorous, spending between 51% and 65% of foraging 
time on the ground (Antos and Bennett 2006; Maron and Lill 2005; Walters et al. 
1999). The species is a facultative cooperative breeder, living predominantly in 
gregarious social groups comprised of a breeding pair and a number of offspring that 
have delayed dispersal (Doerr and Doerr 2006; Noske 1991). Social groups of the 
Brown Treecreeper occupy territories averaging 3-6 ha in size in higher quality habitat 
(Cooper and Walters 2002b; Doerr and Doerr 2006).  
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The Brown Treecreeper persisted in our study area until 2005 (Jenny Bounds, 
Canberra Ornithologists Group, personal communication), suggesting that many of the 
requirements for survival may still be present, particularly in comparison to species 
that disappeared from the reserves many years ago. The nature reserves currently 
sustain other ground-foraging insectivorous species including the Yellow-rumped 
Thornbill (Acanthiza chrysorrhoa) and the Scarlet Robin (Petroica boodang). 
 
Behaviour and micro-habitat use 
 
We released each of seven Brown Treecreeper social groups (of between four and 
eight individuals) in a unique polygon representing a combination of the ground 
vegetation and nest box experimental treatments. At release, we fitted eighteen adult 
Brown Treecreeper individuals (average weight 30.39 g, ranging from 27.50 g to 
37.00 g) with radio-transmitters (Holohil Systems Model BD-2). The weight of the 
transmitter (0.90 g) represented 2.8% of the average bird weight. Radio-transmitters of 
this kind have been used extensively in Brown Treecreeper studies in the past (Doerr 
and Doerr 2006; Doerr et al. 2011; Doerr and Doerr 2002).  
 
We radio-tracked individuals daily after release from November-December 2009 until 
February 2010. Upon location and identification of a radio-tracked individual, we 
observed it for 30 seconds prior to recording an instantaneous observation of 
behaviour, microhabitat use and global position. We recorded observations from at 
least 30 metres away from individuals. If birds reacted to our presence (such as by 
fleeing or alarm calling) we moved away and waited 10 minutes before recording 
further observations. We assigned behaviour to the following categories: (1) foraging; 
(2) resting; (3) preening; (4) calling; (5) vigilance; or (6) other (see Appendix A for 
category descriptions). We defined microhabitat use as the substrate on which an 
individual bird was observed using the following categories: (1) bare ground; (2) leaf 
litter; (3) grass; (4) trunk; (5) branch; (6) log; or (7) other. We also recorded whether 
an individual was located within two metres of a log. We recorded the global position 
(UTM coordinates) for each location to determine the polygon in which an individual 
was located, and hence the level of ground vegetation cover, whether or not a nest box 
was located within the polygon, and whether or not the individual was within a 1 ha 
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CWD site within the polygon. We located and recorded observations for each radio-
tracked individual at least twice per day.  
 
Statistical analyses 
 
We conducted preliminary analyses to examine whether Brown Treecreeper behaviour 
or substrate use was influenced by the reintroduction process. Movement and 
behaviour after release may be altered due to individuals being unfamiliar in their 
environment or as a reaction to the reintroduction process (Butler et al. 2005a; Pinter-
Wollman et al. 2009). Therefore, there may be an “adjustment period” that may affect 
observations taken prior to the establishment of a home range. We therefore 
performed a two-sample binomial test for each behaviour and substrate individually. 
This test compared the number of observations of the target behaviour or substrate 
before and after the establishment of a home range, in relation to the total number of 
observations recorded in the respective time period. The point at which a social group 
settled and established a home range was determined using the methods described in 
Paper III (see Figure 2 in Paper III). Data was included only for those individuals for 
whom we had obtained data both pre- and post-settlement. The results of these 
analyses indicated that there was little difference in the observations recorded pre- and 
post-settlement (Table 1). Therefore, for all subsequent analyses, we examined the 
combined dataset (pre- and post-settlement). 
 
Our analyses examined the effects on reintroduced Brown Treecreepers of restoration 
efforts, specifically the addition of coarse woody debris and nest boxes, and ground 
layer management. We initially examined whether there was a broad-ranging effect of 
the experimental treatments on behaviour (i.e. irrespective of the substrate the 
behaviour was associated with). We then conducted further analyses by separately 
examining differences in substrate use for particular behaviours.  
 
To test our predictions that specific behaviours should be exhibited more frequently in 
the various experimental treatments, we constructed binomial generalised linear 
models (GLM) and binomial generalised linear mixed models (GLMM) (McCullagh 
and Nelder 1989; McCulloch and Searle 2001). We treated three target behaviours as 
response variables: (1) foraging; (2) vulnerable behaviour (in the form of resting and 
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preening); and (3) anti-predator behaviour (in the form of vigilance). For each model, 
we characterised the target behaviour as 1 and all other behaviours as 0. Due to the 
low number of observations for some substrate categories, we combined some 
categories to give five categories: (1) ground (comprised of bare ground, leaf litter and 
grass); (2) trunk; (3) branch; (4) log; and (5) other. We considered four explanatory 
variables: (1) substrate; (2) ground vegetation cover; (3) experimental CWD site; and 
(4) nest boxes. We also included social group and individual bird nested within social 
group as random effects. We included individual bird as a random factor since we 
recorded numerous observations of each individual, and we included social group 
because the Brown Treecreeper is gregarious and the behaviour of one individual may 
influence the behaviour of other group members. We then applied binomial GLMMs 
to investigate the relationship between target behaviours and the explanatory 
variables. Our statistical approach to contrast one category (in this case a category of 
behaviour) versus the rest of the categories (one-vs.-rest) is a legitimate approach to 
examine the effect of the experimental treatments on categories of the dependent 
variable according to our hypotheses. An alternative method would be to utilise a 
multinomial model that performs logistic regressions between categories of variables 
(e.g. category A vs. B, A vs. C, and A vs. D, when A is the baseline-category). 
However, our hypotheses examine how a particular behaviour is affected by the 
explanatory variables (substrate, ground vegetation cover, nest box treatment, coarse 
woody debris addition), rather than examining differences between one behaviour 
versus a baseline behaviour. Hence, our hypotheses do not align with a multinomial 
model. Further, the multinomial model would exaggerate the impact of variables due 
to the comparison with only the baseline-category instead of all the categories. 
Therefore, the current approach of repeated logit models is the most appropriate to 
examine our hypotheses.  
 
To test our predictions that specific substrates should be used more frequently in the 
various experimental treatments for each of the individual behaviours, we constructed 
GLMMs and GLMs using a binomial distribution. Therefore, we analysed data from 
each behaviour type separately. For each model, we characterised the target substrate 
as 1 and all other substrates as 0. We conducted the analyses using the same random 
variables as in the previous analyses and using the fixed independent variables of (1) 
ground vegetation cover; (2) experimental CWD site; and (3) nest box.  
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For the logistic regression modelling, all possible models (full model vs. possible 
nested models) were considered using a backward elimination process to remove the 
least significant variables from the model using the Wald statistics. This was 
continued until all variables in the final model were statistically significant (P < 0.05). 
We used this method since it is a standard statistical test for comparing nested models 
particularly when assessing fixed effects (Bolker et al. 2009; Lewis et al. 2011). 
Additionally, the experimental treatments were guided by the clear development of 
hypotheses, and the number of variables was small enough to consider all possible 
models (full model vs. possible nested models). Further, we were specifically 
interested in identifying only those individual variables that had significant effects, not 
on developing a best predictive model, so we deemed that variable selection (rather 
than model selection) was most suited to our needs.  
 
We examined the significance of random factors for all analyses using a likelihood 
ratio test, which compared the deviances (2 times the log likelihood) of models with 
and without the random factor included (Bolker et al. 2009; Pinheiro and Bates 2000). 
If removing the random factor caused a large enough drop in the log-likelihood, when 
compared to a chi-squared distribution with degrees of freedom equal to the number 
of additional models in the more complex model, then the factor was statistically 
significant. If the difference was not significant, we eliminated the random factor and 
GLMs were constructed. We conducted all statistical analyses using GenStat 13th 
Edition. 
 
Results 
 
We recorded a total of 1270 observations of behaviour and substrate use for 18 radio-
tracked Brown Treecreeper individuals. We recorded observations for between two 
and 72 days for each bird, with an average of 43 (± 6.01 s.e.) days. We recorded an 
average of 72.94 (± 11.25 s.e.) observations per bird, with a range from three to 132 
observations. Large variations in the number of observations can be attributed to 
either an individual losing a transmitter early or the death of an individual. We 
observed Brown Treecreepers moving extensively through the reserves and across 
multiple polygons of varying treatment types (examined in Paper III). Although some 
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radio-tracked individuals did undertake separate dispersal movements, individuals 
were recorded within 10 m of other group members the majority of the time.  
 
Effect of reintroduction 
 
Our preliminary analyses found little difference in the behaviour and substrate use of 
Brown Treecreeper individuals when comparing observations taken pre- and post-
settlement (Table 1). In particular, it could be expected that the level of observations 
on the ground would increase post-settlement due to newly released individuals 
displaying increased caution or avoiding substrates where they would be most 
vulnerable to predation (Banks et al. 2002; Bright and Morris 1994). However, there 
was no significant difference in the use of the ground substrate pre- and post-
settlement (P = 0.100). Although, there was a significantly increased use of trunks and 
decreased use of branches by the Brown Treecreeper post-settlement in comparison to 
pre-settlement (Table 1).  
 
Relationships between behaviour and substrate 
 
Of 1270 observations on behaviour, 663 (52%) were of foraging, 374 (29%) were of 
vigilance and 155 (12%) were of resting and preening, with the remainder being 
calling (73, 6%) and other (5, 0.4%). We observed that vigilant and vulnerable 
behaviours occurred most frequently on trunk and log substrates. The majority of 
foraging behaviours occurred on trunk substrates (58%), followed by ground 
substrates (19%). When individuals were within the 1 ha coarse woody debris sites, 
the proportion of foraging time on the ground increased to 30%, although this was 
lower than observed in previous studies on the Brown Treecreeper (Figure 1; Antos 
and Bennett 2006; Maron and Lill 2005; Walters et al. 1999). For observations on the 
ground (10.6% of all observations), 70% occurred on leaf litter, followed by 19% on 
grass and 11% on bare ground 
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Table 1. Results of preliminary analyses of whether there was an influence of the 
reintroduction process. Analyses compared the behaviour and substrate use of 
reintroduced Brown Treecreeper individuals pre- and post-settlement after 
reintroduction. 
 
 
Target characteristic % pre-
settlement 
% post-
settlement 
 
P value 95% CI 
Foraging 50.46 55.12 0.112 -0.104, 0.011 
Resting & preening 11.15 13.98 0.147 -0.066, 0.010 
Vigilance 30.53 27.15 0.204 -0.018, 0.086 
Branch 20.29 14.47 0.009 0.015, 0.102 
Ground 11.88 8.94 0.100 -0.006, 0.065 
Log 19.74 19.67 0.976 -0.045, 0.047 
Trunk 45.34 55.61 <0.001 -0.160, -0.045 
 
 
 
 
 
 
Figure 1. The proportion of foraging observations in which the bird was located on the 
ground, comparing results from this study, n = 1270; from this study within 1 ha 
experimental coarse woody debris (CWD) sites, n = 118; from Antos and Bennett (2006), 
n = 644; from Maron and Lill (2005), n = 126; and from Walters et al. (1999), n = 1750. 
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General effects on behaviour 
 
The probability of a bird displaying a particular behaviour (foraging, vigilance or 
resting and preening) was not significantly influenced by ground vegetation cover, the 
addition of coarse woody debris, or the installation of nest boxes within the 
experimental polygon (Table 2). Neither did it vary between individuals or social 
groups. However, behaviour was significantly influenced by the substrate on which 
the individual was located (Table 2). Analysis of behavioural probabilities showed 
that the odds of a bird foraging when on the ground were greater than when on any 
other substrate, being 21.16 times the odds of a bird foraging on branches (Table 2), 
such that if a bird was observed on the ground there was a high probability that they 
would be foraging. Further, the odds of a bird displaying vigilant and vulnerable 
behaviour were greatest when an individual was on the ‘other’ substrate category (e.g. 
stumps) followed by log substrates.  
 
Effects of treatments on behaviour on particular substrates 
 
When an individual was within a 1 ha coarse woody debris site there was an increased 
probability of foraging on a log or on the ground (Figure 2), and a decreased 
probability of foraging on a trunk (Table 3), compared with when an individual was 
outside the coarse woody debris sites. When examining data from individuals on 
ground-level substrates (on ground or on logs), there was a higher number of 
observations within two metres of a log (total of 81%; n = 313) than away from a log 
(19%; n = 72). Further, 61% of observations on the ground (n = 131) were within two 
metres of a log (either an experimental or a natural log). This suggests a preference by 
Brown Treecreepers to stay close to these structures since logs were sparse even 
within 1 ha coarse woody debris sites.  
 
The level of ground vegetation cover did not significantly influence the use of the 
ground substrate for any of the target behaviours (Table 3). However, ground 
vegetation cover did significantly influence the use of branch and trunk substrates. We 
observed a higher probability of use of branch substrates by individuals in polygons 
with medium ground vegetation cover, followed by individuals in polygons with high 
ground vegetation cover for all three target behaviours (foraging, vigilance and resting 
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and preening). Ground vegetation cover influenced the probability of a Brown 
Treecreeper being observed foraging or being vigilant on a trunk, with higher 
probability for polygons with low or high ground vegetation cover. 
 
We found that the presence of nest boxes significantly decreased the probability of 
foraging on branch substrates (χ2 = 3.94, d.f. = 1, P = 0.047), but did not significantly 
influence any other combinations of behaviour and substrate use. Similarly, there was 
no significant variation in substrate use from individual bird or social group.  
 
 
 
 
 
Figure 2. The predicted probability (± s.e.) of a Brown Treecreeper using three target 
substrates whilst foraging. The use of these substrates was significantly influenced by 
whether an individual was within or outside an experimental coarse woody debris site 
(Ground: P = 0.053; Log: P = 0.010; Trunk: P < 0.001). The use of trunk substrates was 
also significantly influenced by the level of ground vegetation cover (high, medium, or 
low). Data presented were obtained by logit-link back-transformation.  
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Table 2. Results of the generalised linear mixed models (GLMMs) and generalised linear 
models using binomial distribution (logit-link structure) which examined the influence of 
substrate and the three experimental treatments: (1) ground vegetation cover; (2) 
addition of coarse woody debris (CWD) in 1 ha sites; and (3) the installation of nest 
boxes; on the probability of an individual displaying three particular behaviours: (1) 
foraging; (2) vigilance; and (3) resting and preening. Group and individual bird nested 
within group were included as random effects in GLMMs (σ2 = the variance of the 
random factor). Significant effects are shown in bold. Output shows the estimate and 
odds ratio for the significant substrate parameter in reference to the ‘branch’ category. 
Estimate for the constant is given from the full GLMMs. The total number of 
observations was 1270.  
 
Behaviour 
 
 
Factor Estimate (± s.e.) Odds 
ratio 
χ2 d.f. P 
Foraging Fixed Effects 
• Substrate 
Ground 
Log 
Other 
Trunk 
 
 
3.05 (± 0.39) 
-0.93 (± 0.20) 
-1.87 (± 0.63) 
0.69 (± 0.16) 
 
 
21.16 
0.39 
0.15 
1.99 
 
166.00 
 
4 
 
<0.001 
 • Vegetation   0.77 2 0.682 
 • CWD site   0.18 1 0.667 
 • Nest box 
• Constant 
 
-0.20 (± 0.19) 
 0.63 1 0.426 
  
Random effects 
• Group + 
Group/Bird ID 
 
 
σ2 =  0.03 
σ2 =  0.00 
 
    
 
0.423 
Vigilance Fixed effects 
• Substrate 
Ground 
Log 
Other 
Trunk 
 
 
-3.06 (± 0.57) 
0.63 (± 0.19) 
1.10 (± 0.40) 
-0.34 (± 0.17) 
 
 
0.05 
1.87 
2.91 
0.71 
 
77.90 
 
4 
 
<0.001 
 • Vegetation   0.17 2 0.918 
 • CWD site   1.29 1 0.256 
 • Nest box 
• Constant 
 
-0.70 (± 0.22) 
 0.06 1 0.810 
  
Random effects 
• Group + 
Group/Bird ID 
 
 
σ2 =  0.07 
σ2 =  0.00 
 
    
 
0.1194 
 
Resting and 
Preening 
Fixed effects 
• Substrate 
Ground 
Log 
Other 
Trunk 
 
 
-3.27 (± 0.93) 
0.44 (± 0.24) 
0.47 (± 0.47) 
-0.81 (± 0.23) 
 
 
0.04 
1.55 
1.60 
0.45 
 
50.78 
 
4 
 
<0.001 
 • Vegetation   2.54 2 0.281 
 • CWD site   2.05 1 0.153 
 • Nest box 
• Constant 
 
-1.75 (± 0.25) 
 0.41 1 0.522 
  
Random effects 
• Group + 
Group/Bird ID 
 
 
σ2 =  0.00 
σ2 =  0.00 
 
    
 
0.975 
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Table 3. Results of generalised linear mixed models (GLMMs) and generalised linear 
models (GLMs) using binomial distribution (logit-link structure) analysing the effects of 
(1) the level of ground vegetation cover (high, medium and low); (2) experimental coarse 
woody debris site (in or out of a 1 ha site); and (3) the presence or absence of nest boxes; 
on the probability of Brown Treecreeper individuals using each of the four target 
substrates: (1) branch, (2) ground, (3) log, and (4) trunk, whilst displaying the three 
types of behaviours: (1) foraging, (2) vigilance, and (3) resting and preening. Group and 
individual bird nested within group were included as random effects in GLMMs (σ2 = 
the variance of the random factor). The significant effects are shown in bold and include 
estimates (± s.e.) and odds ratios, which use high ground vegetation and outside of a 1 ha 
coarse woody debris site as the reference levels. Estimate for the constant is given from 
the full GLMMs. The total number of observations for each of the analyses by behaviour 
was: foraging: 663; vigilance: 374; and resting and preening: 155. 
 
 
Target 
substrate 
Behaviour Parameter Estimate 
(±s.e.) 
Odds 
ratio 
 
χ2 d.f. P 
Branch Foraging Fixed effects 
• Vegetation 
Medium  
Low 
 
 
0.61 (± 0.27) 
-0.68 (± 0.28) 
 
 
1.84 
0.51 
 
19.72 
 
2 
 
<0.001 
  • Nest box   3.94 1 0.047 
  With boxes -0.73 (± 0.37) 0.48    
  • CWD site 
• Constant 
 
-1.70 (± 0.27) 
 0.82 1 0.365 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.14 
σ2 =  0.00 
 
    
 
0.080 
Branch Vigilance Fixed effects 
• Vegetation 
Medium 
Low 
 
 
0.42 (± 0.34) 
-0.71 (± 0.33) 
 
 
1.52 
0.49 
 
11.67 
 
2 
 
0.003 
  • CWD site 
In site 
 
-1.17 (± 0.56) 
 
0.31 
4.32 1 0.038 
  • Nest box 
• Constant 
 
-0.97 (± 0.28) 
 2.20 1 0.138 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.01 
σ2 =  0.00 
 
    
 
0.985 
Branch Resting and 
Preening 
Fixed effects 
• Vegetation 
Medium 
Low 
 
 
0.85 (± 0.51) 
-0.30 (± 0.47) 
 
 
2.34 
0.74 
 
6.20 
 
2 
 
0.045 
  • CWD site   0.43 1 0.513 
  • Nest box 
• Constant 
 
-1.22 (± 0.46) 
 0.35 1 0.553 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.00 
σ2 =  0.09 
 
    
 
0.985 
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Target 
substrate 
Behaviour Parameter Estimate 
(±s.e.) 
Odds 
ratio 
 
χ2 d.f. P 
Ground Foraging Fixed effects 
• Vegetation 
  1.11 2 0.574 
  • CWD site   3.75 1 0.053 
  • Nest box 
• Constant 
 
-1.60 (± 0.23) 
 0.11 1 0.746 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.01 
σ2 =  0.07 
 
    
 
0.533 
Ground Vigilance Fixed effects 
• Vegetation 
• CWD site 
   
0.13 
0.02 
 
2 
1 
 
0.938 
0.883 
  • Nest box 
• Constant 
 
-4.06 (± 1.01) 
 0.10 1 0.756 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.00 
σ2 =  0.00 
 
    
 
1.00 
Ground Resting and  
Preening 
Fixed effects 
• Vegetation 
• CWD site 
   
0.05 
0.00 
 
2 
1 
 
0.975 
1.000 
  • Nest box 
• Constant 
 
-14.6 (± 163) 
 0.00 1 1.000 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.00 
σ2 =  0.00 
 
    
 
1.000 
Log Foraging Fixed effects 
• CWD site 
In site 
 
 
0.98 (± 0.38) 
 
 
2.65 
 
6.56 
 
1 
 
0.010 
  • Vegetation   0.42 2 0.813 
  • Nest box 
• Consant 
 
-2.63 (± 0.31) 
 0.17 1 0.678 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.03 
σ2 =  0.00 
 
    
 
0.842 
Log Vigilance Fixed effects 
• Vegetation 
   
0.15 
 
2 
 
0.930 
  • CWD site   1.52 1 0.218 
  • Nest box 
• Constant 
 
-0.84 (± 0.29) 
 0.07 1 0.799 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.00 
σ2 =  0.11 
 
    
 
0.434 
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Target 
substrate 
Behaviour Parameter Estimate 
(±s.e.) 
Odds 
ratio 
 
 
χ2 
d.f. P 
Log Resting and  
Preening 
Fixed effects 
• Vegetation 
   
3.53 
 
2 
 
0.171 
  • CWD site   0.65 1 0.421 
  • Nest box 
• Constant 
 
-0.38 (± 0.45) 
 0.50 1 0.481 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.23 
σ2 =  0.00 
 
    
 
0.260 
Trunk Foraging Fixed effects 
• Vegetation 
Medium 
Low 
 
 
-0.56 (± 0.23) 
-0.01 (± 0.19) 
 
 
0.57 
0.99 
 
7.99 
 
2 
 
0.018 
  • CWD site 
In site 
 
-1.07 (± 0.31) 
 
0.34 
11.68 1 <0.001 
  • Nest box 
• Constant 
 
0.40 (± 0.19) 
 2.85 1 0.091 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.00 
σ2 =  0.10 
 
    
 
0.083 
Trunk Vigilance Fixed effects 
• Vegetation 
   
8.96 
 
2 
 
0.011 
  Medium 
Low 
-0.43 (± 0.30) 
0.39 (± 1.48) 
0.65 
1.48 
   
  • CWD site   0.87 1 0.351 
  • Nest box 
• Constant 
 
-0.51 (± 0.27) 
 2.83 1 0.092 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.00 
σ2 =  0.08 
 
    
 
0.647 
Trunk Resting and 
Preening 
Fixed effects 
• Vegetation 
   
1.64 
 
2 
 
0.441 
  • CWD site   0.04 1 0.844 
  • Nest box 
• Constant 
 
-0.63 (± 0.44) 
 0.29 1 0.590 
   
Random effects 
• Group + 
Group/BirdID 
 
 
σ2 =  0.15 
σ2 =  0.00 
 
    
 
0.393 
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Discussion 
 
We examined the effects of (or success of) experimental restoration treatments, 
specifically the addition of coarse woody debris, variations in ground vegetation 
cover, and installation of nest boxes, by quantifying the response of reintroduced 
Brown Treecreepers. To do this, we analysed the effect of these restoration treatments 
on the behaviour and substrate use of radio-tracked individuals. The key findings of 
our analyses were: (1) evidence of the benefits of the addition of coarse woody debris 
for foraging by the Brown Treecreeper; (2) little evidence of effects on behaviour and 
substrate use of variations in ground vegetation cover; and (3) limited use of ground 
substrates by individuals, with implications for restoration effectiveness.  
 
Addition of coarse woody debris 
 
Our data showed that individuals exhibited an increased probability of foraging when 
they were on a log or on the ground within the 1 ha coarse woody debris (CWD) sites. 
The proportion of ground foraging by the Brown Treecreeper when within these 1 ha 
sites, rather than when outside the 1 ha sites, is closer to the levels of ground foraging 
observed in previous studies (Figure 1; Antos and Bennett 2006; Maron and Lill 2005; 
Walters et al. 1999) and hence appears to improve the foraging efficiency of ground 
substrates. Further, when on the ground, individuals were often observed close to logs. 
Our results provide strong empirical confirmation of the benefit of coarse woody 
debris addition in our study area, and the success of this restoration treatment. This 
result was predicted at the outset of this investigation because the Brown Treecreeper 
is known to utilise coarse woody debris as a foraging substrate (Antos and Bennett 
2006; Antos et al. 2008).  
 
We found a high level of use of logs, as well as trunks, for vigilant and vulnerable 
behaviours. However, there was no difference in the probability of these behaviours 
within versus outside CWD sites. This result therefore did not support our predictions 
of CWD sites increasing the probability of vulnerable behaviours and decreasing 
vigilance. This result may have occurred because these substrates provide elevated 
locations from which individuals can gain a relatively unobstructed view to survey the 
surrounding environment for predators. Furthermore, an individual’s distance from a 
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safe refuge is likely to influence their perceived predation risk (Lima and Dill 1990; 
Stankowich and Blumstein 2005; Stokes et al. 2004; Unck et al. 2009), and these 
areas are likely to be close to important refuges in hollows in logs (Luck 2002; Noske 
1982). However, the coarse woody debris recently added to the reserves was generally 
not sufficiently decomposed to provide many hollows.  
 
The benefits of coarse woody debris for the Brown Treecreeper may be improved 
through increasing timber loads in the reserves. Experimental redistribution of coarse 
woody debris has led to sustained increases in Brown Treecreeper numbers at loads of 
≥40 tonnes/ha (Mac Nally 2006; Mac Nally and Horrocks 2007), which is greater than 
the amount added to most coarse woody debris sites within Mulligans Flat and 
Goorooyarroo Nature Reserves (Manning et al. 2011).  
 
Installation of nest boxes 
 
The installation of species-specific nest boxes did not significantly influence Brown 
Treecreeper behaviour. We did not have an appropriate opportunity to test the use of 
these structures specifically and did not observe any individuals utilising the nest 
boxes. However, there are many existing observations of the species using artificial 
hollows with a wide variety of characteristics (Higgins et al. 2001). It may be that the 
density of nest boxes was too low for individuals to reliably locate them, or for 
behaviour to be influenced by them. Additionally, many Brown Treecreeper social 
groups settled within non-experimental dry forest polygons that did contain any nest 
boxes (Paper III). Nest boxes were installed primarily to support breeding and 
roosting. Therefore, these structures may still be beneficial as our analyses examined 
only their secondary function of providing refuge from predators.  
 
Variation in ground cover 
 
An unexpected finding from of our study was that ground vegetation cover did not 
significantly influence the behaviour and substrate use of reintroduced individuals as 
predicted by our hypotheses. In particular, there was no significant effect of this 
treatment when individuals were on ground substrates. At the outset of this project, we 
predicted a higher use of ground substrates, particularly during foraging, in polygons 
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with lower levels of ground vegetation cover, where invertebrates may be abundant 
and accessible (Morris et al. 2001; Whittingham and Devereux 2008) and detection of 
and escape from predators easier (Doerr et al. 2006). The absence of a significant 
effect of ground vegetation cover on the use of ground substrates may have occurred 
because of the overall limited use of these substrates. Alternatively, calculation of 
ground vegetation cover at the polygon-level may be at a scale too large to detect any 
influence on behaviour and substrate use. 
 
We found that the effect of ground vegetation cover was most pronounced in 
observations of Brown Treecreeper use of branch and trunk substrates. The use of 
branch substrates was greatest in areas with medium and high ground vegetation 
cover, while the use of trunk substrates was greatest in areas with a low level of 
ground vegetation cover (in dry forest). These patterns may partly be explained by the 
inherent differences between polygons with low, medium and high ground vegetation 
cover. The increased use of trunk substrates, and decreased use of branch substrates, 
in low ground vegetation cover most likely reflects the change in habitat type from 
grassy woodland to dry forest. Dry forest typically contains limited amounts of ground 
vegetation cover and high numbers of trees with rough-bark (Lepschi 1993), which is 
preferred by the species and is important in facilitating the species’ ability to move 
vertically along trunks (Noske 1979). Further, there is a well-established inverse 
relationship between ground cover vegetation and tree density (Specht and Morgan 
1981; Specht and Specht 1999), which may indicate that polygons with high ground 
vegetation cover may contain more younger trees with thinner branches leading to a 
higher use of trunks (rather than branches) than polygons with medium ground 
vegetation cover. Hence, a potentially higher number of older, larger trees with more 
well-established branches in medium ground vegetation may cause the high use of 
branches observed in these polygons.  
 
Recovery of the ground layer 
 
Brown Treecreeper individuals spent 19% of their overall foraging time on the ground 
within the reintroduction site. This result contrasts with previous studies indicating 
that the species spends between 51-65% of its foraging time on the ground (Figure 1) 
(Antos and Bennett 2006; Maron and Lill 2005; Walters et al. 1999). Although the 
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reintroduction process may alter a species’ ecology and hence influence the use of 
ground substrates (Butler et al. 2005a; Richards and Short 2003; Van Zant and 
Wooten 2003), our preliminary analyses indicated that the use of ground substrates 
did not significantly differ between pre- and post-settlement. Therefore, it is unlikely 
that the reintroduction process greatly influenced the use of ground substrates.  
 
Alternatively, an individual’s selection of foraging habitat may be affected by food 
abundance and accessibility (Morris et al. 2001; Whittingham and Devereux 2008). 
Mulligans Flat and Goorooyarroo Natures Reserves have been subject to a variety of 
degrading processes that may influence invertebrate abundance and consequently alter 
Brown Treecreeper foraging behaviour. These processes include livestock grazing 
(Gilroy et al. 2008; Watson 2011), and firewood harvesting which removes logs that 
provide habitat for invertebrates (Evans et al. 2003; Riffell et al. 2011). This result 
highlights the importance of the management of the ground layer, particularly by 
promoting (1) the development of a cryptogamic crust (Maron and Lill 2005; 
Montague-Drake et al. 2009); (2) an increased leaf litter layer, which is an important 
foraging substrate (Antos and Bennett 2006); (3) reduced weed cover (Maron and Lill 
2005); and (4) controlled levels of grazing pressure by exotic and native herbivores 
(Doerr et al. 2006; Ford et al. 2009). It is possible that the existing restoration 
treatments, such as the addition of coarse woody debris and grazing management, may 
ultimately improve the ground layer, but there is a delay in realising their benefits. 
Similarly, these treatments may still be important and effective for the Brown 
Treecreeper even if their influence is not yet clear.  
 
Broader Implications 
 
The results from this study highlight the unique information derived from the 
monitoring of behaviour and substrate use within an experimental framework. This 
study has three broad implications for ecological studies. First, through using the 
Brown Treecreeper as a bio-indicator, we were able to examine restoration success 
and identified the benefits that restoration manipulations can provide for fauna, 
specifically the addition of coarse woody debris. This demonstrates the value of 
examining the behaviour and substrate use of a focal species to understand the success 
and influence of restoration activities. Second, it is understood that successful 
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reintroductions require comprehensive behavioural studies from existing populations. 
However, the limited use of ground substrates by reintroduced Brown Treecreeper 
individuals was unexpected given our existing knowledge on the behaviour of the 
species. This study indicates that behaviour and habitat use information from prior 
studies within a source population may not approximate that observed within a 
reintroduced population. Hence, there are potential difficulties in using existing 
research in other locations to inform habitat restoration and reintroductions. Last, our 
major findings emphasise the value of conducting species reintroductions within an 
experimental framework. They also highlight the value of linking restoration ecology 
with behavioural ecology and species’ habitat use. This may be particularly the case 
for species reintroductions, which often produce highly unexpected outcomes.  
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Appendix A 
 
Definitions of behaviour and substrate categories recorded for reintroduced 
Brown Treecreepers 
 
Substrates 
The following are categories of substrate utilised by reintroduced Brown Treecreeper 
individuals throughout the monitoring period: 
• Bare Ground – where the area within a 1 m diameter around an individual 
bird’s location was predominantly bare ground. 
• Leaf litter – where the area within a 1 m diameter around an individual bird’s 
location was predominantly leaves. 
• Grassy – where the area within a 1 m diameter around an individual bird’s 
location was predominantly grassy and the bird’s legs (at least) were obscured 
by the grass. 
• Trunk – where the individual was perched on or moving along on a tree trunk, 
this includes dead trees. 
• Branch – where the individual the bird was perched on or moving along the 
branches of a tree. 
• Log – where the individual was perched on or moving along a log, where a log 
was defined as a section of a trunk or limb of a fallen tree fully or partially 
touching the ground that is greater than 10 cm in diameter along the majority 
of its length. 
• <2 m of a log – where the individual was located within two metres of a log, 
this included if the individual was located on a log. 
• Other – where the individual was on a substrate that does not correspond to the 
definition of the other categories listed above. 
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Behaviour 
 
The following are categories of behaviour displayed by reintroduced Brown 
Treecreeper individuals throughout the monitoring period: 
• Foraging – any type of activity that involved actively searching for or 
obtaining food items. This included the bird moving along a substrate and 
taking food from the surface, rapid movement along a substrate or extracting 
prey from beneath the surface of a substrate. This definition was chosen to 
maintain simplicity in recording behavioural observations and was based on 
previous knowledge of Brown Treecreeper foraging actions. The Brown 
Treecreeper relies mainly on gleaning as its foraging action (Antos and 
Bennett 2006; Maron and Lill 2005), which can be defined as an individual 
moving along a substrate and removing prey from its surface (Antos and 
Bennett 2006). 
• Resting – where an individual remained stationary and was not looking around 
in vigilance. 
• Preening – all instances of body grooming or maintenance activities such as 
cleaning feathers or bill swiping where alternate sides of the bill are stroked 
against an object to clean the bill. 
• Calling – where an individual was observed calling, generally in the form of 
contact calls or alarm calls. 
• Vigilance – where the individual was stationary and was actively looking 
around scanning the area. 
• Other – where the individual was observed displaying a behaviour that does 
not correspond to the definition of the other categories listed above. 
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Patches of Brown Treecreeper habitat among private farmland near Wagga Wagga 
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Abstract 
 
Reintroductions are conducted to re-establish a self-sustaining population of a species 
and contribute to ecosystem restoration. The Brown Treecreeper (Climacteris 
picumnus) reintroduction into two nature reserves in the Australian Capital Territory 
in south-eastern Australia failed to meet its predetermined criteria for success. This 
occurred despite prior habitat restoration within the reserves where reintroduction 
occurred. Low survival of reintroduced Brown Treecreepers, particularly due to 
predation by native predators has previously been highlighted as a key factor in the 
failure of the program. We compared bird behaviour and habitat characteristics 
between the reintroduction reserves and the sites where Brown Treecreepers were 
sourced (which support stable Brown Treecreeper populations). We did not identify an 
indication of significantly higher predation pressure in the reintroduction reserves in 
comparison to the source sites. However, our results revealed that reintroduced 
individuals may be more vulnerable to predation due to an increased flight time to 
reach a refuge area. This was a result of a significantly lower number of refuge areas 
in logs and trees and a higher number of shrubs (which may obstruct escape paths and 
hinder detection of predators) in the reintroduction reserves compared to the source 
sites. We identified a lower ground foraging habitat quality in the reintroduction 
reserves due to lower numbers of ant mounds and lower areas of forageable ground. 
However, Brown Treecreepers were able to disperse extensively throughout the 
reserves and settle in areas with generally higher quality foraging habitat. Therefore, 
the negative effect of low ground foraging habitat quality would have been most 
pronounced immediately after release. This study emphasises the inherent 
complexities of species reintroductions and ecosystem restoration. Despite 
experimental restoration activities within the reintroduction reserves, there were still 
deficiencies in habitat quality. We emphasise that further habitat restoration is 
required within these reserves to achieve more complete restoration.  
 
Keywords: reintroduction, Brown Treecreeper, failure, predation, ecosystem 
restoration 
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Introduction 
 
It is now recognised that in many parts of the world, there are insufficient protected 
areas with high quality, intact native ecosystems to ensure the long-term viability of 
species and ecosystems (Rodrigues et al. 2004; Watson et al. 2011). Thus, some 
degree of ecosystem restoration will be required in areas that have previously been 
degraded. Removing threats, restoring native vegetation and replacing some structural 
components of ecosystems (e.g. coarse woody debris) are usually the first steps taken 
to recover a site. Such ‘habitat restoration’ may be followed by reintroduction of 
individual species to hopefully re-establish self-sustaining populations within an area 
where the species was previously locally extinct (IUCN 1998). This process may 
contribute to more complete ‘ecosystem restoration’.  
 
Despite their increasing prevalence (Bajomi et al. 2010; Godefroid et al. 2011; 
Seddon et al. 2007), many reintroductions fail (Paper I; Ewen and Armstrong 2007; 
Fischer and Lindenmayer 2000). It is important to determine why reintroductions fail 
because it can inform the success of habitat restoration efforts, guide how restoration 
can be improved, as well as improve the success rates of species reintroductions. 
Further, publication of this information is vital, particularly given that many species 
translocations remain unpublished, especially failed ones (Paper I; Fischer and 
Lindenmayer 2000; Redford and Taber 2000). 
 
We reintroduced the Brown Treecreeper (Climacteris picumnus) into Mulligans Flat 
and Goorooyarroo Nature Reserves in the Australian Capital Territory in south-eastern 
Australia in November 2009. Seven Brown Treecreeper social groups (comprised of 
43 individuals) were sourced from wild populations in the Murrumbidgee region of 
New South Wales. The reintroduction failed to meet all of the predetermined criteria 
for success (Paper II). This failure occurred despite previous research that identified 
key habitat requirements for the species (Antos et al. 2008; Cooper and Walters 2002; 
Doerr et al. 2006), and extensive experimental restoration within the reintroduction 
reserves that was thought to provide those key habitat requirements (Paper II; 
Manning et al. 2011). Thus, manipulations within the reserves attempted to minimise 
the hypothesised original causes for decline and local extinction of the Brown 
Treecreeper, which is essential prior to reintroductions (IUCN 1998). However, it can 
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be difficult to fully identify all the causes of decline for a species (Caughley and Gunn 
1996), implement restoration activities that are required prior to reintroduction, and 
determine whether activities are adequate to achieve ecosystem restoration. 
Furthermore, the full of effect of restoration activities may take longer than expected 
to be realised (Ewen and Armstrong 2007). Therefore, there are several possible 
reasons for the failure of the Brown Treecreeper reintroduction. 
 
Proximately, the reintroduction failed due to much lower survival rates over the first 
year than have been reported in any naturally-occurring population of Brown 
Treecreepers (15% adult annual survival in the reintroduced population compared to 
76 - 79% adult annual survival in naturally-occurring populations (Paper II; Cooper et 
al. 2002a; Doerr and Doerr 2006; Noske 1991)). Predation appeared to play a key role 
in the low survivorship of reintroduced individuals as all known deaths of radio-
tracked birds (n = 4, 22% of radio-tracked birds) appeared to be due to predation by 
native predators such as the Brown Goshawk, Accipiter fasciatus and the Nankeen 
Kestrel, Falco cenchroides (Paper II). In particular, the social groups with the lowest 
apparent survival experienced confirmed predation events soon after release (Paper 
II). Indeed, predation is often the cause of mortality in released individuals (e.g. 
Moorhouse et al. 2009; Priddel and Wheeler 2004; Short et al. 1992).  
 
In this study, we examined habitat characteristics and the behaviour of reintroduced 
Brown Treecreepers in two site types within the reintroduction reserves: 1) sites where 
the social groups were released: ‘release sites’, and 2) sites where birds settled and 
established: ‘settlement sites’. We then compared these data to data on the habitat 
characteristics and bird behaviour from the ‘source sites’, which were within each of 
the social groups’ previous home range and represented habitat that sustains healthy 
and stable populations. Such examinations of the source population are recommended 
(IUCN 1998), although rarely conducted (Paper I). We used these comparisons to test 
three non-mutually exclusive hypotheses (outlined below) for why reintroduced 
Brown Treecreepers experienced low survival and unusually high predation rates in 
restored nature reserves. It is important to recognise and examine all potential factors 
influencing survival and predation rates since the true restoration of an ecosystem (and 
its constituent species) may require that all of these factors are addressed, rather than 
just one primary factor. Additionally, the habitat quality at the site of a species 
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translocation should include all conditions necessary for the survival and persistence 
of a species such as food availability, provision of shelter and an appropriate level of 
predation (Paper I).  
 
The ‘Predation Pressure Hypothesis’ suggests that either predator densities are higher 
or predator behaviour is different in the reintroduction reserves, leading to higher 
predation pressure and rates. Predation pressure is a commonly used term within 
scientific literature (e.g. Andrén et al. 1985; Cooper Jr and Pérez-Mellado 2012; 
Richardson et al. 2006). In this thesis, predation pressure is taken to be an indication 
of the relationship between predator abundance and their effect on the population, 
which is related to the predators’ behaviour and the predation rate on the population. 
Therefore this is an appropriate way of examining what prey experience. Our 
reintroduction reserves were immediately adjacent to urban areas and studies have 
shown that predation pressure from native predators may be higher at urban edges 
(Anderson and Burgin 2008; Berry 2002; Chace and Walsh 2006; Piper and Catterall 
2004). Under this hypothesis, we predicted that Brown Treecreepers would produce 
alarm calls (an index of predation pressure, since birds produce alarm calls in response 
to danger from predators (Evans et al. 1993; Hollén and Radford 2009; Leavesley and 
Magrath 2005; Marler 1955)) at a greater rate within the settlement sites in the 
restored reintroduction reserves in relation to the source sites. Alarm calling is never 
100% effective since alarm calls may be unreliable (Koops 2004), may not accurately 
encode the level of danger (Leavesley and Magrath 2005) or the response of 
individuals may not be effective enough to avoid predation. Therefore, increased 
alarm calling would be associated with increased predation. 
 
The ‘Foraging Habitat Hypothesis’ suggests that there was a lower quality of ground 
foraging habitat in the reintroduction reserves in comparison to the source habitat. 
This may reduce an individual’s body condition, which may in turn influence the 
individual’s vulnerability to predation and its survival (Alzaga et al. 2008; Genovart et 
al. 2010; Penteriani et al. 2008; Taylor and Jamieson 2007; Temple 1987). The Brown 
Treecreeper commonly eats ants (Higgins et al. 2001; Noske 1979; Razeng and 
Watson 2012), but also seeks higher quality food items by foraging on the ground and 
rotting logs (in leaf litter rather than dense ground vegetation) (Antos and Bennett 
2006; Doerr et al. 2006; Maron and Lill 2005). The amount of foraging ground 
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unobstructed by vegetation is also positively related to breeding productivity (Doerr et 
al. 2006). Our prediction of what comprises a lower quality habitat is therefore based 
upon prior studies in published literature (e.g. Antos and Bennett 2006; Antos et al. 
2008; Doerr et al. 2006; Maron and Lill 2005; Walters et al. 1999). Therefore, we 
predicted that: (1) reintroduced birds would show reduced rates of foraging on the 
ground (in favour of foraging on other substrates) in the settlement sites compared to 
birds in the source sites; (2) there would be lower quality ground foraging habitat 
(through lower percentages of forageable ground (i.e. ground without dense 
vegetation), lower numbers of ant mounds, and a smaller surface area of logs) in the 
settlement sites compared to the source sites; (3) there would be lower quality ground 
foraging habitat in the release sites compared to the settlement sites, as reintroduced 
individuals should be actively seeking habitat characteristics related to a higher 
quality ground foraging habitat when choosing settlement sites; and (4) there would be 
a relationship between the ground foraging habitat characteristics present at settlement 
sites and the subsequent survival of individuals in the group that settled there.  
 
The ‘Can’t Escape Hypothesis’ suggests that birds in the reintroduction reserves had 
greater difficulty detecting and fleeing from potential predators than birds in the 
source sites. This would lead to greater time exposed to predators and/or reduced 
quality protection, and thus to greater predation rates (Bednekoff 1996; Kullberg and 
Lafrenz 2007). Further, it is widely acknowledged that an individual’s perceived 
predation risk increases with the difficulty in reaching shelter, such as the distance to 
protective shelter (Caraco et al. 1980; Lima and Dill 1990; Stankowich and Blumstein 
2005; Tuft et al. 2011; Walther and Gosler 2001). Brown Treecreepers escape 
predators by fleeing though sparse vegetation (i.e. low numbers of shrubs) to a nearby 
hollow in a log or tree (Doerr et al. 2006; Noske 1982a; V.A. Bennett, V.A.J. Doerr 
and E.D. Doerr pers. obs.), which is similar to the behaviour of other Australasian 
treecreepers (Luck 2002a; b). Therefore, under this hypothesis, we predicted that (1) 
there would be a higher number of shrubs and a lower density of suitable refuge 
hollows in trees and logs in the settlement sites in relation to the source sites; (2) there 
would be a higher number of shrubs and a lower density of suitable refuge hollows in 
trees and logs in release sites in relation to the settlement sites, as reintroduced 
individuals should be actively seeking higher quality refuge habitat when choosing 
settlement sites; and (3) there would be a relationship between the refuge 
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characteristics present at settlement sites and the subsequent survival of individuals in 
the group that settled there. 
 
These hypotheses essentially represent different habitat aspects that may not be 
adequately addressed using traditional approaches to habitat restoration such as resting 
from grazing and replanting of dominant plant species. By testing these hypotheses, 
we can try to determine the causes of failure for the Brown Treecreeper 
reintroduction, adaptively guide future species translocations and improve success 
rates. Further, we can begin to explore how habitat restoration approaches might need 
to be augmented to provide true ecosystem restoration both within these reserves and 
wherever similar approaches are used.  
 
Methods 
 
Study Species 
 
The Brown Treecreeper is a ground-foraging insectivore that spends between 51% and 
65% of its foraging time on the ground (Antos and Bennett 2006; Maron and Lill 
2005; Walters et al. 1999). The species also forages on trees and on logs. The Brown 
Treecreeper nests and roosts in naturally-occurring tree cavities in a variety of 
eucalypt species (Noske 1982b), maintaining territories averaging 3-6 ha in size 
(Cooper and Walters 2002; Doerr and Doerr 2006). The species is a facultative 
cooperative breeder, living predominantly in gregarious social groups (Doerr and 
Doerr 2006; Noske 1991). Brown Treecreepers are short-distance dispersers that do 
not often cross openings or vegetation gaps, particularly if the connecting trees are 
more than approximately 100 m apart (Cooper et al. 2002b; Doerr et al. 2011), 
suggesting that the species may be especially vulnerable to predation after 
reintroduction.  
 
Brown treecreeper populations are known to be negatively affected by habitat 
degradation (Ford et al. 2009) through such processes as the loss of naturally-
occurring tree cavities (Cooper et al. 2002b; Higgins et al. 2001), and the loss of 
coarse woody debris and ground litter which reduces the suitability of foraging 
substrates (Luck 2002b; Maron and Lill 2005; Noske 1979).  
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The source populations 
 
We sourced social groups of the Brown Treecreeper from two landscapes south-east 
of Wagga Wagga, New South Wales. These landscapes each consisted of several 
patches of remnant woodland linked by either corridors or scattered trees. The 
remnants ranged in size from five to 90 ha, and were dominated by White Box 
(Eucalyptus albens), Yellow Box (E. melliodora) and Blakely’s Red Gum (E. 
blakelyi) woodland. The remnant patches were primarily located on private property, 
with one patch on a travelling stock reserve. Brown treecreeper populations within 
these remnants had been studied since September 2005, with the majority of 
individuals colour-banded and the social relationships documented (Doerr et al. 2011). 
Prior to the capture of Brown Treecreeper individuals targeted for reintroduction, we 
had mapped the home range of the target social groups by recording global positions 
(UTM coordinates) of the breeding female. These home ranges were the source sites 
in all analyses. 
 
The reintroduction reserves 
 
We reintroduced Brown Treecreepers into Mulligans Flat Nature Reserve and 
Goorooyarroo Nature Reserve, located in north-eastern Australian Capital Territory. 
Mulligans Flat Nature Reserve and Goorooyarroo Nature Reserve were established in 
1995 and 2004 respectively, subsequent to the areas being used as leasehold grazing 
land. The reserves cover 1623 ha of partially modified lowland temperate woodland 
and forest (Manning et al. 2011; Shorthouse et al. 2012).  
 
Prior to the reintroduction, the reserves had undergone restoration as part of the 
‘Mulligans Flat – Goorooyarroo Woodland Experiment’ (Manning et al. 2011; 
Shorthouse et al. 2012). Habitat manipulations within the reserves were applied as 
experimental treatments with associated controls. These included the addition of 2,000 
tonnes of coarse woody debris placed within 1 ha experimental sites. This coarse 
woody debris was sourced from eucalypt street trees (Manning et al. 2011), and has 
been shown to positively influence the abundance and richness of beetle species 
within these reserves (Barton et al. 2011), and also benefit the Brown Treecreeper by 
significantly increasing the probability of foraging on the ground or on logs (Paper 
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IV). Manipulations also included variations in ground vegetation cover (partially 
through the management of kangaroo grazing with kangaroo exclusion areas), and 
more specifically for the Brown Treecreeper reintroduction, the installation of 216 
species-specific nest boxes. We designed the nest boxes using knowledge of the 
behaviour and natural nesting hollow dimensions of the Brown Treecreeper, as 
collected by Noske (1982a). We also installed artificial refuges (upside-down 
guttering) adjacent to coarse woody debris additions to ensure that refuge was 
provided as well as foraging substrates for the Brown Treecreeper, since the coarse 
woody debris used contained few natural hollows. We considered that these habitat 
manipulations would contribute to ameliorating previous habitat degradation within 
the reserves and that the addition of coarse woody debris and nest boxes would 
specifically benefit the Brown Treecreeper.  
 
We released seven Brown Treecreeper social groups (comprised of 43 individuals) 
within the reserves between 16 November and 1 December 2009. Prior to release, we 
fitted 18 adult Brown Treecreeper individuals with radio-transmitters (Holohil 
Systems Model BD-2). We radio-tracked individuals daily from release until February 
2010, with twice-daily fixes when possible. We determined the final home range of a 
social group based on movement recorded after the group had settled (see Paper III for 
detailed methodology for determining settlement). These final home ranges were the 
settlement sites in all analyses. Due to the early fatality and dispersal of individuals, 
we did not obtain settlement information for one social group, and hence this group 
was excluded from analyses.  
 
Predation pressure 
 
We collected information on alarm-calling to give an index of predation pressure. We 
observed two target Brown Treecreeper social groups at the settlement sites (only two 
social groups were confirmed alive at the time of this study, November-December 
2010) and four target social groups from the source sites. We observed each social 
group for one hour intervals for six non-consecutive hours. We recorded the number 
of alarm-calling events produced by members of the group during that time period. 
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Ground foraging behaviour 
 
To determine the quality of the ground foraging habitat, we first examined the level of 
ground foraging by Brown Treecreeper individuals. We selected a subset of 
individuals to observe from the target social groups at both the settlement sites and 
source sites. At the time of conducting this study (November-December 2010), we 
confirmed the survival of six Brown Treecreeper individuals (within the two social 
groups) to monitor at the settlement sites. Within the source sites, we monitored eight 
individuals from four social groups. We observed target individuals for 30 seconds 
prior to taking an instantaneous recording of whether the individual was foraging or 
not. Foraging was defined as any type of activity that involved actively searching for 
or obtaining food items, and was predominantly in the form of gleaning (the species’ 
main foraging action (Antos and Bennett 2006; Maron and Lill 2005)). We also 
recorded whether the individual was on the ground or not, where ‘ground’ included 
bare ground, leaf litter and grass. We recorded observations at 10 minute intervals 
during one hour periods, until five observations had been collected. One hour 
sampling periods were repeated six or seven times per social group. Direct assessment 
of Brown Treecreeper body condition would have been beneficial in examining the 
relationship between ground foraging habitat behaviour, body condition and survival. 
However, this procedure was not possible particularly given the difficulty in capturing 
Brown Treecreepers when there are low numbers of surviving individuals and large 
home ranges in the reintroduced population. 
 
Ground foraging habitat and refuge habitat characteristics 
 
To compare the foraging and refuge habitat between the source and settlement sites, 
we analysed particular habitat characteristics based upon methods by Doerr et al. 
(2006). Doerr et al. (2006) examined Brown Treecreeper habitat selection by 
quantifying habitat characteristics within breeding territories and analysing their 
association with reproductive success. We analysed habitat characteristics at the three 
comparable site types: (1) source sites; (2) release sites; and (3) settlement sites. We 
established a grid of 1 ha quadrats within the three site types. Within site types (1) and 
(3), we selected the four quadrats to sample that covered the greatest area of the home 
range. Within site type (2), we selected the four quadrats closest to the release location 
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in the direction that the birds were released. Within each selected quadrat we created a 
100 x 5 m transect set in a randomly selected direction and centred at the midpoint of 
the quadrat.  
 
Within each transect, we quantified four habitat characteristics (Table 1) based on 
those outlined in Doerr et al. (2006). The diet of the Brown Treecreeper consists 
predominantly of ants (Higgins et al. 2001; Noske 1979; Razeng and Watson 2012). 
Therefore, we quantified the number of visible active ant mounds. The Brown 
Treecreeper often forages on the ground layer, and is observed foraging less on the 
ground in areas with dense vegetation (Antos et al. 2008; Maron and Lill 2005). 
Hence, the Brown Treecreeper’s ability to detect prey, as well as detect and escape 
from predators may be influenced by the density of vegetation (Antos et al. 2008; 
Doerr et al. 2006). The species’ ability to dash to safety through shrub vegetation is 
particularly impeded by their heavy wing loading (Doerr and Doerr 2006). Therefore, 
we counted the number of shrubs in each transect and estimated the amount of 
forageable ground, defined as the percentage of ground unobstructed by vegetation. 
Finally, we calculated the exposed surface area of logs, which are known to attract the 
species (Mac Nally 2006; Mac Nally and Horrocks 2007), and are also frequently used 
as foraging substrates (Antos et al. 2008; Walters et al. 1999). We then multiplied 
these values by 20 (with the exception of percentage area of forageable ground) to 
obtain information on habitat variables per hectare. We sampled transects either 
during December 2010 or May 2011.  
 
We also quantified the refuge areas in logs and trees within the three site types for 
each of the social groups. Within each of the site types, we created three 50 x 10 m 
transects at a random location and bearing. We used a wider transect for this habitat 
characteristic to make for easier sampling due to the sparse distribution of these 
refuges. Within these transects, we quantified hollows or crevices in logs and trees 
that were capable of providing refuge to a Brown Treecreeper (i.e. was not a 
completely open hollow) and had an entrance diameter of between five and 30 cm. 
Refuge areas within trees were identified from the ground using binoculars.  
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Table 1. Description of the foraging and refuge habitat characteristics that were 
quantified within the Brown Treecreeper source sites, release sites and settlement sites.  
 
Habitat 
characteristic 
 
Description of characteristic 
Ant mounds Number of active ant mounds, multiplying the large ant mounds 
(containing Iridomyrmex purpureus or larger) by 10 and summing the 
number of small ant mounds 
Forageable ground Estimate of the percentage of ground unobstructed by vegetation 
Log surface area The length and exposed partial circumference of all logs at least 30 cm 
in diameter and 1 m in length 
Shrubs Number of shrubs from 0.25 to 2.0 m in height 
Refuges Number of hollows or crevices in logs and trees that were capable of 
providing refuge to a Brown Treecreeper and contained an entrance 
diameter of between five and 30 cm 
 
 
 
Relationships between habitat and survival 
 
We calculated the survival of Brown Treecreepers in the settlement sites as the 
number of weeks that the breeding female (or the breeding male in the instance where 
the breeding female was confirmed deceased prior to settlement) was confirmed alive 
after settlement. 
 
Statistical Analyses 
 
To examine whether there was greater predation pressure in the settlement sites 
compared to the source sites, we constructed a linear mixed model (McCulloch and 
Searle 2001) to examine the effect of site (‘settlement’ or ‘source’) on the number of 
Brown Treecreeper alarm calls per hour. We included social group as a random factor 
since we took multiple observations from each group. 
 
To examine whether foraging time spent on the ground differed between individuals 
in the source sites and individuals settled in the reintroduced population, we 
constructed a generalised linear mixed model with binomial distribution. We analysed 
only foraging observations. We included site as the fixed factor and substrate as the 
response value, characterised as either 1 (on the ground) or 0 (on all other substrates). 
We also included individual bird as the random factor since we took multiple samples 
from each individual.  
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We examined differences in ground foraging habitat quality and refuge density 
between three site types: (1) source sites; (2) release sites; and (3) settlement sites. We 
constructed a series of linear mixed models to compare the following habitat 
characteristics separately between the three site types: (1) number of refuge areas in 
trees; (2) number of refuge areas in logs; (3) number of refuge areas in both logs and 
trees combined; (4) number of shrubs; (5) number of ant mounds; (6) percentage area 
of forageable ground; and (7) surface area of logs. We log-transformed data on the 
numbers of ant mounds, shrubs and the surface area of logs to achieve normality. We 
included social group as a random factor, which was nested within site type. This was 
to account for variation due to taking multiple samples from each group. Where we 
found significant differences according to site type, we conducted additional linear 
mixed models to analyse habitat characteristics between paired sites (settlement sites 
vs. source sites, and settlements sites vs. release sites).  
 
We analysed the relationship between the foraging and refuge habitat characteristics 
present at the settlement sites and survival of six of the social groups after settlement. 
We excluded values on refuge areas in trees and refuge areas in logs due to their 
correlation with refuge areas in trees and logs combined. We examined all possible 
models containing one or two habitat characteristics. Using AICc, we selected models 
within the confidence set of candidate models (all possible models) based on Akaike 
weights. The confidence set of candidate models includes models with Akaike weights 
that are within 10% of the highest weight. These analyses examining the relationship 
between habitat characteristics and survival were conducted within R version 2.14.  
 
Where applicable, we examined the significance of random factors for all analyses 
using a likelihood ratio test, which compared the deviances (2 times the log 
likelihood) of models with and without the random factor included (Bolker et al. 
2009; Pinheiro and Bates 2000). If removing the random factor caused a large enough 
drop in the log-likelihood, when compared to a chi-squared distribution with degrees 
of freedom equal to the number of additional models in the more complex model, then 
the factor was statistically significant. If the difference was not significant, we 
eliminated the random factor and general linear models were constructed. All 
statistical analyses were performed within Genstat 13th Edition except where stated. 
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Results 
 
Predation pressure 
 
We recorded an average of 1.62 (± 0.30 s.e.) alarm calling events per hour for 
reintroduced social groups, which was slightly higher than the average recorded for 
social groups within source sites (1.29 ± 0.22 s.e.). However, we found no significant 
effect of site (F1, 29 = 0.80, P = 0.379) or significant variation due to social group (σ2 = 
0.17, P = 0.368) on the number of alarm calls.  
 
Ground foraging behaviour 
 
We collected 420 observations on behaviour and substrate use by Brown Treecreepers 
within settlements sites and source sites. There was no significant difference in the 
level of foraging on the ground between the two sites (F = 0.78, d.f. = 1, P = 0.393). 
However, the percentage of foraging observations on the ground was slightly higher in 
the source population (43.64%) compared to the reintroduced population in the 
settlement sites (37.40%). There was significant variation according to individual bird 
(σ2 = 0.27, P = 0.0160), indicating that some individuals foraged on the ground more 
frequently than others.  
 
Foraging habitat and refuge habitat characteristics 
 
We identified a significant difference between site types (source sites, release sites 
and settlement sites) for all habitat characteristics (Table 2). In terms of ground 
foraging habitat characteristics, the source sites supported a higher number of ant 
mounds and more forageable ground (Figure 1). The number of ant mounds in the 
settlement sites was significantly lower than in the source sites. Forageable ground, in 
particular, was highly variable at all sites, with transects containing from 25% to 97% 
(average ± s.e. = 63.15 ± 2.78) forageable ground. High variation for this habitat 
characteristic was also indicated by the significant variation according to social group 
(Table 2). In contrast, we identified a higher surface area of logs in the settlement sites 
than the source sites. 
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Table 2. Relationship between site type (source sites, release sites and settlement sites) 
and refuge and ground foraging habitat characteristics: number of ant mounds; 
percentage area of forageable ground; surface area of logs; number of shrubs; refuges in 
logs; refuges in trees; and refuges in trees and logs combined. Social group was included 
as a random factor due within the Linear Mixed Models due to multiple sampling of 
social groups. Significant results are shown in bold type. For analyses showing a 
significant effect of site type, additional Linear Mixed Models compared site types. 
 
 
Response Terms 
 
Wald χ2 d.f.  P 
Ants mounds Fixed effect 
Site type 
-Settlement vs Release 
-Settlement vs Source 
 
Random effect 
Site type.Group (σ2 = 0.069) 
Error (0.59 ± 0.11) 
 
 
6.10 
0.53 
5.61 
 
 
2 
1 
1 
 
 
0.047 
0.466 
0.018 
 
 
0.330 
Forageable 
Ground 
Fixed effect 
Site type 
-Settlement vs Release 
-Settlement vs Source 
 
Random effect 
Site type.Group (σ2 = 175.200) 
Error (191.30 ± 39.00) 
 
 
11.67 
11.57 
2.62 
 
 
2 
1 
1 
 
0.003 
<0.001 
0.105 
 
 
<0.001 
Logs Fixed effect 
Site type 
-Settlement vs Release 
-Settlement vs Source 
-Settlement vs. Others 
 
Random effect 
Site type.Group (σ2 = 0.077) 
Error (1.15 ± 0.21) 
 
 
10.62 
2.08 
2.66 
10.58 
 
2 
1 
1 
1 
 
0.005 
0.149 
0.103 
0.001 
 
 
0.566 
Shrubs Fixed effect 
Site type 
-Settlement vs Release 
-Settlement vs Source 
 
Random effect 
Site type.Group (σ2 = 0.178) 
Error (0.29 ± 0.06) 
 
 
11.58 
7.79 
10.03 
 
 
2 
1 
1 
 
 
0.003 
0.005 
0.002 
 
 
0.002 
Refuges in logs Fixed effect 
Site type 
-Settlement vs Release 
-Settlement vs Source 
 
Random effect 
Site type.Group (σ2 = 0.750) 
Error (21.10 ± 3.59) 
 
42.83 
22.07 
39.62 
 
2 
 
<0.001 
<0.001 
<0.001 
 
 
0.740 
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Response Terms 
 
Wald χ2 d.f.  P 
Refuges in trees Fixed effect 
Site type 
-Settlement vs Release 
-Settlement vs Source 
 
Random effect 
Site type.Group (σ2 = 13.906) 
Error (8.93 ± 1.72) 
 
 
11.90 
8.80 
9.05 
 
2 
1 
1 
 
0.003 
0.003 
0.003 
 
 
<0.001 
Refuges 
combined 
(trees and logs) 
Fixed effect 
Site type 
-Settlement vs Release 
-Settlement vs Source 
 
Random effect 
Site type.Group (σ2 = 31.470) 
Error (32.73 ± 6.30) 
 
 
20.76 
13.01 
17.77 
 
 
2 
1 
1 
 
<0.001 
<0.001 
<0.001 
 
 
<0.001 
 
 
 
We found a significant difference in the number of refuge areas in logs, in trees, and 
in trees and logs combined between the three site types (Table 2). Analyses showed a 
significantly lower number of all refuge areas in the settlement sites compared to the 
source sites. There also was a significantly higher number of shrubs in the settlement 
sites compared to the source sites. We identified significant variation according to 
social group for the numbers of shrubs, refuges in trees and refuges for trees and logs 
combined. 
 
Comparisons of foraging and refuge habitat characteristics between site types within 
the reintroduction reserves showed that dispersing Brown Treecreepers were generally 
able to locate higher quality habitat. Brown treecreepers selected settlement sites that 
were more similar to the source sites than the release sites (Figures 1 and 2). This was 
particularly the case when analysing the numbers of refuge areas (in trees, logs, and 
combined), the numbers of shrubs and percentage area of forageable ground, where 
there was a significant difference between these habitat characteristics in the 
settlement sites compared to the release sites (Table 2).  
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Figure 1. The average (± s.e.) values of three ground foraging habitat characteristics: 1) 
number of ant mounds; 2) percentage area of forageable ground; and 3) surface area of 
logs; between the three site types: 1) home range at the source sites; 2) release sites; and 
3) settlement sites in the reintroduction environment. Values for forageable ground are 
graphed against the secondary vertical axis. Data for ant mounds and logs had 
undergone log transformation for analysis and graphical presentation. 
 
 
 
 
 
 
Figure 2. The average (± s.e.) number of refuge areas in logs, trees and both logs and 
trees combined, as well as the number of shrubs in the source sites, release sites and 
settlement sites of reintroduced Brown Treecreeper social groups. 
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Relationships between habitat and survival 
 
We investigated whether survival of Brown Treecreepers after settlement was 
influenced by habitat variations within settlement sites. Brown treecreeper social 
groups survived an average 43.83 (± 8.36 s.e.) weeks after settlement, ranging from 10 
to 66 weeks. Of the 25 potential models, five were included in the confidence set of 
candidate models (Table 3). From this, survival could be affected by the habitat 
characteristics individually, but not any combination of these main effects. The 
number of shrubs and the number of refuge areas in trees and logs combined appeared 
to be the main effects on Brown Treecreeper survival.  
 
 
Table 3. Relationships between refuge habitat and ground foraging habitat 
characteristics in the settlement sites and the survival of reintroduced Brown 
Treecreeper social groups (n = 6).  
k is the number of parameters including error, survival, and habitat characteristic 
 
Model Habitat characteristics k AICc AICc Weight 
1 Number of shrubs 3 68.16 0.38 
2 Combined number of refuges 3 69.35 0.21 
3 Surface area of logs 3 70.17 0.14 
4 Area of forageable ground 3 70.17 0.14 
5 Number of ant mounds 3 70.17 0.14 
 
 
Discussion 
 
The Brown Treecreeper reintroduction program is one of the first reintroductions of a 
social bird species within Australia (see also Clarke et al. 2002). The reintroduction 
failed to meet the predetermined criteria for success due to low survival rates and 
predation by native predators (Paper II). Thus, evaluating this program and the factors 
influencing the outcome is important and informative for future translocations of this 
(and other) species, as well as informing effective ecosystem restoration. This study 
also highlights the benefits of using information obtained from the source population 
as a benchmark from which to effectively compare with the reintroduced population. 
The key findings of our study were: (1) reintroduced birds may have suffered a higher 
predation rate (as identified in Paper II) due to significantly lower numbers of refuge 
areas and significantly higher numbers of shrubs within the reintroduction reserves 
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(release and settlement sites) in comparison to source sites; and (2) the reintroduction 
reserves appeared to have a lower ground foraging habitat quality in comparison to the 
source sites, however Brown Treecreepers were able to disperse and settle in higher 
quality habitat.  
 
Predation Pressure 
 
Alarm calling events were slightly higher in the reintroduction sites, although we did 
not detect a significantly higher number of alarm calling events for reintroduced social 
groups in comparison to social groups in the source population. The level of alarm 
calling is an indication of predation pressure as the Brown Treecreeper produces alarm 
calls when threatened by a predator (Higgins et al. 2001; Noske 1982a). Under the 
‘Predation Pressure Hypothesis’, we predicted that the urban habitat adjacent to the 
reintroduction reserves would result in a greater predation pressure in comparison to 
the source sites due to alterations in predator density or behaviour (Anderson and 
Burgin 2008; Berry 2002; Chace and Walsh 2006; Piper and Catterall 2004). Our 
results did not clearly support this prediction. This indicates that other influences were 
more important on the observed predation rates, although predation pressure may also 
be a factor in the survival of Brown Treecreepers. 
 
Associated with this, the adjacent urban area may potentially influence predation risk 
through an alternative path. The urban area may lower the diversity of small native 
birds (other prey species) in the reintroduction reserves (Chace and Walsh 2006). This 
may reduce an individual’s resistance to predation (Duffy et al. 2007) due to a lower 
opportunity to eavesdrop on other individuals’ auditory cues (Fallow and Magrath 
2010; Magrath et al. 2007). Therefore, the bird community into which individuals are 
translocated is important, particularly if the species often depends on interspecific 
auditory cues or mixed-species feeding flocks to minimise predation risk. The 
investigation of this would provide valuable information relevant to reintroductions of 
other bird species, particularly to releases near urban areas. 
 
Aside from predation pressure, the production of alarm calls by threatened individuals 
may also be influenced by additional factors. First, the type of predator or the level of 
risk perceived by the individual may influence the individual’s choice to alarm call 
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(Leavesley and Magrath 2005; Marler 1955). Second, the presence of nestlings or 
fledglings in the population, as was the case in the Brown Treecreeper source 
population, may cause parents to increase alarm calls according to the reproductive 
value of the nest (Fasanella and Fernández 2009; Platzen and Magrath 2005). Third, 
an individual must consider the costs associated with calling (including an increased 
probability of attack), since calling may reveal the individual’s position (Wood et al. 
2000) (although aspects of signal structure may reduce caller conspicuousness (Bayly 
and Evans 2003; Wood et al. 2000)). The costs of alarm calling may be higher in 
habitat with a lower chance of reaching a refuge, such as in the reintroduction habitat 
that contained low numbers of refuge areas (or other critical habitat features 
(Devereux et al. 2008)). Therefore, reintroduced individuals may have a lower 
probability of alarm calling than individuals in the source population in order to avoid 
attracting unwanted attention. Lastly, birds surrounded by more individuals (such as in 
the source population) may benefit more by alarm calling (and hence are more likely 
to produce alarm calls) if it produces sudden changes in the behaviour of other prey 
individuals and result in confusing the predator (Cresswell 1994; Sherman 1977). 
Therefore, these factors may influence the number of alarm calling events in both the 
source and reintroduced populations. Further, we could not visually confirm the 
association between alarm calling events and predation threat for observed Brown 
Treecreepers. 
 
Ground foraging behaviour 
 
Brown treecreepers within the source sites appeared to have a slightly higher 
probability of foraging on the ground than individuals within settlement sites, 
although there was no significant difference between the two sites. The lack of a 
significant result is in contrast to our predictions that reintroduced Brown 
Treecreepers may have fewer opportunities for ground foraging, indicating lower 
habitat quality. We did, however, find significant variations in the level of ground 
foraging between individuals, which may result from micro-habitat differences in the 
quality of forageable ground. In particular, previous monitoring identified that 
reintroduced birds were observed adapting their behaviour to the local environment, 
such that they minimised or eliminated ground foraging in areas with higher ground 
vegetation cover (less percentage area of forageable ground) (Paper IV; see also 
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Maron and Lill 2005). This was probably due to decreased food accessibility and 
increased predation risk experienced when ground foraging among dense ground 
vegetation cover (Butler et al. 2005; Morris et al. 2001; Whittingham and Devereux 
2008). Therefore, the trends observed may suggest that opportunities for ground 
foraging may play a minor role in influencing Brown Treecreeper body condition, and 
hence their vulnerability to predation (Alzaga et al. 2008; Genovart et al. 2010; Taylor 
and Jamieson 2007; Temple 1987) . 
 
Foraging habitat and refuge habitat characteristics 
 
We identified significant differences in the ground foraging habitat characteristics 
between the three site types (source sites, release sites and settlement sites). This 
agreed with our ‘Foraging Habitat Hypothesis’ that decreased ground foraging habitat 
quality at the reintroduction reserves may have contributed to the low survival rate of 
reintroduced Brown Treecreepers through influencing their body condition and 
subsequently their predation risk (Alzaga et al. 2008; Genovart et al. 2010; Taylor and 
Jamieson 2007; Temple 1987). Habitat characteristics within the source sites appeared 
to provide better quality habitat for the species than the settlement sites. This was 
indicated by: (1) significantly higher numbers of ant mounds, which provide a 
valuable food source for the species (Noske 1979; Razeng and Watson 2012); and (2) 
higher percentages of forageable ground, which improves foraging efficiency (Antos 
et al. 2008; Maron and Lill 2005) and has also been linked to Brown Treecreeper 
reproductive success (Doerr et al. 2006). These results also promote more detailed 
analysis of the foraging habitat for ground-foraging insectivores in the reintroduction 
reserves, including a more complete sampling of invertebrate biomass. 
 
In contrast to our predictions, we identified a higher surface area of logs in the 
settlement sites compared to the source sites. This suggests that this habitat 
characteristic may be a particularly important structure within the Brown 
Treecreeper’s foraging habitat, and a structure that individuals may actively seek out. 
The provision of coarse woody debris has previously led to sustained increases in 
Brown Treecreeper density (Mac Nally 2006; Mac Nally and Horrocks 2007), 
increased invertebrate abundance (Barton et al. 2011) and increased the probability of 
the Brown Treecreeper foraging on the ground or on logs (Paper IV). However, our 
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results may have differed somewhat if we had included logs with smaller diameters in 
our analyses.  
 
Habitat sampling revealed a significantly lower number of tree and log refuge areas in 
the settlement sites when compared to the source sites. This result aligned with our 
prediction from the ‘Can’t Escape Hypothesis’ that reintroduced individuals may be 
more vulnerable to predation than individuals in source sites due to lower numbers of 
refuge areas. This is because their primary response to threats is to flee to a nearby 
hollow (Noske 1982a), which is a common response for prey species (Amo et al. 
2007; Sih 1997). Further, we observed reintroduced Brown Treecreepers fleeing to 
hollows in trees and logs in response to alarm calls or visual detection of other 
predatory species such as the Brown Goshawk, Accipiter fasciatus, or Pied 
Currawong, Strepera graculina. However, we did not observe any individuals using 
the artificial refuges (upside-down guttering) installed in the reserves. The lower 
number of refuge areas within the reintroduction reserves may lead to an increased 
distance to protective cover, an increased flight time to reach a refuge area and/or a 
reduction in the quality of refuge areas available, which translates into an increased 
predation risk (Bednekoff 1996; Kullberg and Lafrenz 2007; Lima and Dill 1990; Tuft 
et al. 2011; Walther and Gosler 2001). Longer fleeing distances may also increase the 
physiological costs associated with fleeing (Martín et al. 2009). Further, we identified 
significantly higher numbers of shrubs in settlement sites compared to source sites, 
which may obstruct the detection of and escape from predators (Antos et al. 2008; 
Devereux et al. 2006; Doerr et al. 2006). Thus, due to the densities of refuge areas and 
shrubs, reintroduced Brown Treecreepers may be exposed to an increased predation 
risk (Martín and López 2000). Increased predation risk may also in turn negatively 
influence their body condition by affecting the Brown Treecreepers’ foraging 
decisions, their behaviour (including how far away from refuges they venture) and 
their body mass (Amo et al. 2007; Eccard et al. 2008; Lima and Dill 1990; Pérez-Tris 
et al. 2004). 
 
We identified that social groups were able to disperse through the reintroduction 
reserves and settle in habitat more similar to the source sites than the release sites. 
Indeed, individuals dispersed extensively, with maximum foray distances of 7.60 km 
(Paper III). This agreed with our predictions that individuals may be induced to 
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disperse by low quality habitat in an attempt to find higher quality habitat (Enfjäll and 
Leimar 2009; Fretwell and Lucas 1969; Lin et al. 2006). Selection of higher quality 
habitat by social groups was particularly observed in terms of numbers of refuge 
areas, shrubs, surface area of logs, and the percentage area of forageable ground 
(Figures 1 and 2). These results suggest that the habitat within the restored nature 
reserves was highly variable. This was supported by the identification of significant 
variation between social groups in the number of combined refuge areas, the numbers 
of shrubs and the percentage area of forageable ground. Our results indicate that any 
negative effects of habitat quality may have been greater immediately after release.  
 
Relationship between habitat and survival 
 
The main effects on Brown Treecreeper survival appeared to be the number of shrubs 
and the number of refuge areas in trees and logs combined. These habitat 
characteristics are vital influences on an individual’s ability to escape from the threat 
of predation. It is therefore likely that the time exposed to predators plays an 
important role in predation rates and individual survival. However, this analysis is 
inconclusive and based on only six social groups, therefore further analyses should be 
conducted, particularly as foraging habitat characteristics in particular are known to 
influence reproductive success (Doerr et al. 2006). 
 
Conclusions 
 
This study emphasises the inherent complexities of ecosystem restoration and species 
reintroduction programs. Restoration of a release site in order to improve the habitat 
and address the local cause(s) of decline for a species is often essential prior to a 
species translocation, particularly in degraded habitat (Paper I; IUCN 1998). 
Assessment of how individuals perceive restoration activities can provide an 
important insight into species’ requirements and habitat quality (Paper III; Paper IV; 
Morrison et al. 2010), particularly when restoration is conducted experimentally (Holl 
et al. 2003). Even though we attempted to control the hypothesised causes of decline 
for the Brown Treecreeper with large-scale experimental restoration activities (Paper 
II; Manning et al. 2011), the reintroduction failed (Paper II). Therefore, examination 
of the factors influencing the failure of this reintroduction and analyses of habitat 
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characteristics selected in the restored environment can inform future restoration in 
similar ecosystems. Such analyses are also crucial to developing our knowledge of the 
reintroduction process, improving success rates and providing an important feedback 
mechanism toward adaptive management for all aspects of reintroduction programs. 
For this reintroduction, predation by native predators was likely the principal cause of 
mortality as all known deaths of radio-tracked birds were due to predation (22% of 
radio-tracked birds) (Paper II). Indeed, predation by native predators can play an 
important role in species translocations, even when feral predators have been 
controlled (Bester and Rusten 2009; Moseby and Bice 2004).  
 
Our results highlighted some factors that may have influenced predation rates on the 
reintroduced Brown Treecreepers. In particular, there appeared to be deficiencies in 
the quality of the ground foraging habitat for the Brown Treecreeper and in the density 
of refuges against predation. Observed trends in our data also suggest that predation 
pressure and opportunities for ground foraging may contribute, to a lesser degree, to 
Brown Treecreeper survival. However, these analyses are limited by our inability to 
record observations on a greater number of social groups, particularly in the 
reintroduced population. As such, we need to be cautious in drawing conclusions from 
our results.  
 
Habitat quality has been identified as an important influence on the survival and 
establishment of translocated individuals (Paper I; Armstrong and Seddon 2008). Our 
results show that restoration approaches need to be augmented within the 
reintroduction reserves and that the legacy of past degrading activities such as 
intensive grazing and the removal of coarse woody debris have not been sufficiently 
reversed. Additionally, the elimination of grazing by introduced herbivores may lead 
to dense ground vegetation and hence reduced forageable ground for the Brown 
Treecreeper. It would therefore be beneficial to instigate a number of habitat 
improvements within the reserves including: (1) installing a larger number of refuges, 
particularly in areas where Brown Treecreepers reside or are likely to reside, as well 
as promoting the natural development of these structures within trees and logs; (2) 
protection and management of high-quality areas with high levels of forageable 
ground (low levels ground vegetation cover), including the management of grazing 
and reduction of weeds both of which potentially influence invertebrate abundance 
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(Maron and Lill 2005; Watson 2011); (3) promoting an increased leaf litter layer, 
which is an important foraging substrate for the Brown Treecreeper (Antos and 
Bennett 2006); and (4) ceasing the removal of, and considering the addition of coarse 
woody debris. Encouragingly, Brown Treecreepers were capable of dispersing and 
selecting the most optimum habitat available. 
 
The insights provided by this study suggest that habitat restoration may need to 
incorporate much finer details, more spatial variation and more innovative methods 
than have previously been considered. Indeed, the habitat improvements suggested 
here are contrary to what is desirable or recommended in many areas, such as a greater 
density of ground vegetation cover and revegetation of a dense shrub layer. Whilst 
these recommendations may be optimal for birds that use dense vegetation as a refuge, 
they are not appropriate for birds such as the Brown Treecreeper that forage on the 
ground and perceive dense vegetation as obstructive rather than protective. Further, 
habitat improvements that we suggest are often not conducted on the scale proposed 
here. Lessons learnt from this study can therefore help us to recognise what further 
approaches are required to achieve more complete ecosystem restoration.  
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Thesis Conclusions 
 
This thesis has provided new insights into the reintroduction and ecology of the 
Brown Treecreeper, with wider implications for the science of reintroduction biology. 
My research also has contributed to an improved understanding of the effectiveness of 
woodland restoration. The aim of this concluding chapter is to provide a brief 
synthesis of the key findings from the five earlier papers.  
 
Assessment of Australian species translocations 
 
Paper I critically reviewed published literature documenting Australian species 
translocations. The review identified key deficiencies in how Australian translocations 
were conducted, monitored and reported, and specified where improvements still need 
to be made. Improvements to future translocations that were suggested in this paper 
included: (1) the statement of criteria for success to enable a clear, robust 
determination of program outcomes; (2) the integration of an experimental framework 
from which hypotheses can be tested and information gathered; (3) strategic, long-
term monitoring of released individuals (and the source population where applicable); 
and (4) addressing the original hypothesised cause(s) of decline of the species, 
including optimising habitat suitability. Paper I then provided a benchmark from 
which to develop, conduct and report on the Brown Treecreeper reintroduction at 
Mulligans Flat and Goorooyarroo Nature Reserves. In particular, the reintroduction 
program (as detailed in Paper II) followed the suggestions put forth in Paper I. Paper I 
also highlighted the need for translocations to be published within accessible, peer-
reviewed literature to ensure that they contribute to broader scientific knowledge. To 
uphold this, information on the Brown Treecreeper reintroduction (Paper II) has been 
published within a scientific journal (Emu). This will ensure that the reintroduction 
can effectively contribute to scientific knowledge, which is particularly important 
since that article reported on a failed reintroduction (Fischer and Lindenmayer 2000; 
Redford and Taber 2000). 
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The Brown Treecreeper reintroduction 
 
Paper II documented the details and procedures of the experimental Brown 
Treecreeper reintroduction program. This was the first reintroduction of this species 
and one of the few translocations of a cooperatively breeding bird globally (see also 
Armstrong et al. 1994; Clarke et al. 2002; Komdeur 1994; Wallace and Buchholz 
2001). The paper highlighted that the reintroduction program utilised information 
gleaned from studies of wild conspecifics to guide the reintroduction procedures, 
habitat restoration techniques and survival expectations. Further, the reintroduction 
program made use of (and benefited from) the existing habitat protection and 
experimental restoration manipulations performed in the reintroduction reserves 
(described in Manning et al. 2011; Shorthouse et al. 2012). These restoration 
manipulations were considered beneficial in ameliorating previous habitat degradation 
and controlling the causes of decline for the Brown Treecreeper (Paper II). Despite 
these efforts, the reintroduction failed to meet the medium-term pre-determined 
criteria for success (40% adult survivorship one year post-release, achieving 15% 
confirmed survival (Paper II)). This result emphasises the complexity, unpredictability 
and inherent risks of reintroduction programs – which are no doubt contributors to the 
low success rate of Australian translocation programs detected in Paper I.  
 
The details and structure of the reintroduction program that were documented in Paper 
II formed a background from which the more detailed experimental analyses followed 
(described in Papers III – V).  
 
Papers III and IV examined data obtained from intensive radio-tracking of the 
reintroduced Brown Treecreeper. These papers highlighted the effects and benefits of 
experimental habitat restoration treatments in the woodland reserves (variation in the 
level of ground vegetation cover which is managed partially through kangaroo 
exclusion zones, the addition of coarse woody debris, and the installation of species-
specific nest boxes) on released individuals. This was performed by examining the 
influences of the treatments on Brown Treecreeper movement, habitat selection, 
substrate use, behaviour and survival. As such, the results from this thesis provide an 
assessment of the success of the restoration treatments and can therefore inform the 
restoration and management of woodlands (discussed below). This thesis can also 
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guide future conservation work not only for the Brown Treecreeper, an iconic 
declining bird species, but also for other ground-foraging insectivores.  
 
Unexpected results 
 
Examination of Brown Treecreeper movement and behaviour (Papers III and IV) 
provided new and valuable knowledge on the species’ ecology, the actions of 
individuals in an unfamiliar environment, and the effectives of restoration treatments. 
In particular, investigations in this thesis produced a number of surprising results. (1) 
Brown Treecreeper individuals moved distances much larger than is normally 
recorded for natal dispersers of the species (see Doerr et al. 2011), showing that they 
were able to adjust their behaviour and increase their chances of finding the most 
suitable habitat. Those planning future translocations should therefore instigate 
measures in their program to effectively detect and monitor large movements, even for 
translocations of species with normally short-distance dispersal behaviour. This result 
also reduces pressure on wildlife planners to accurately select the most optimum 
release sites for the species (Paper III). (2) Movement was not affected by gender, 
which is unusual for a species with gender-biased dispersal (Doerr and Doerr 2006), 
but movement was significantly influenced by social factors or variations between 
individuals (Paper III). (3) Movement was not affected by habitat quality (as 
determined by the experimental habitat treatments present at the release site), even 
though Brown Treecreepers released in lower quality habitat were predicted to be 
more inclined to disperse to search for higher quality habitat (Enfjäll and Leimar 
2009; Lin et al. 2006) (Paper III). (4) Some social groups showed a preference for 
settling in areas with low levels of ground vegetation, which were dry forest rather 
than woodland. I had predicted that woodland areas with lower levels of ground 
vegetation (which corresponded to polygons with medium levels of ground vegetation 
cover) would have higher settlement and survival of Brown Treecreepers. This 
prediction was based on the Brown Treecreeper typically occurring in woodlands, and 
the association between lower levels of ground vegetation and increased accessibility 
to invertebrate prey in the ground layer (Vandenberghe et al. 2009; Watson 2011) as 
well as improved detection of and escape from predators, particularly when ground-
foraging (Doerr et al. 2006). Low settlement and survival in woodland with medium 
ground vegetation cover indicates that restoration failed to improve woodland 
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sufficiently to a higher quality than forest areas. As such, this woodland bird may 
actually prefer dry forests when woodlands have declined in condition (Paper III). (5) 
The effect of habitat characteristics on where Brown Treecreeper social groups settled 
was much less than expected (Paper III). (6) The level of ground vegetation cover had 
little effect on Brown Treecreeper use of substrates, even though we predicted that 
ground vegetation may influence the use of ground substrates in particular through 
affecting the accessibility of invertebrate food in the ground layer and an individual’s 
predation risk when foraging (Butler et al. 2005; Doerr et al. 2006; Whittingham and 
Devereux 2008) (Paper IV). (7) The Brown Treecreepers were observed using the 
ground substrates somewhat less than observed in other Brown Treecreeper 
populations, particularly whilst foraging (Antos and Bennett 2006; Maron and Lill 
2005; Walters et al. 1999). This suggests that food abundance and accessibility at the 
ground layer may not be of a high standard (Paper IV).  
 
These unexpected results, running counter to predictions based on existing knowledge 
and peer-reviewed literature, stress the value of utilising an experimental framework 
with intensive, strategic monitoring. Without these inclusions in the program 
methodology, important or unforeseen findings would have been missed. Further, 
intimate knowledge of a species’ biology, including comprehensive behavioural and 
movement studies, is essential to help predict the results of a reintroduction. However, 
such knowledge may not necessarily approximate what will actually occur after a 
species is released. This thesis therefore cautions against too much reliance on 
existing knowledge without room for flexibility and insight. It also means that we may 
have to accept a greater risk of failure in pursuit of a successful reintroduction.  
 
Assessing restoration success 
 
Paper IV documents the use of the Brown Treecreeper as a bio-indicator to evaluate 
the success of restoration efforts within the reserves. This paper particularly 
demonstrated the merit of integrating the disciplines of reintroduction biology, 
behavioural ecology and restoration ecology. The addition of coarse woody debris to 
the landscape within the reserves benefited Brown Treecreeper foraging behaviour 
through increasing the probability of an individual foraging on the ground or on a log. 
This is positive evidence for the value of restoration ecology. It also supports the 
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implementation of further constructive restoration plans in these reserves and other 
eucalypt woodlands (particularly those restoration actions proposed in Papers IV and 
V that are specific to the Brown Treecreeper). Further, this result encourages the 
examination of the effectiveness of this particular restoration action for other ground-
foraging species, which as a suite of birds are declining throughout their range (Ford 
2011; Ford et al. 2001; Ford et al. 2009; Watson 2011). Despite the benefit of added 
coarse woody debris, reintroduced Brown Treecreepers still foraged on the ground 
less frequently than individuals in other populations (see Antos and Bennett 2006; 
Maron and Lill 2005; Walters et al. 1999). Therefore, the ground layer within these 
nature reserves required further improvement for the Brown Treecreeper. Hence, 
Paper IV outlined recommendations including increasing leaf litter levels, reducing 
weed cover, promotion of a cryptogamic crust and controlling grazing pressure by 
native herbivores. However, the paper also recognised that restoration efforts take 
time (and resources) to influence the existing environment and impart their full 
benefit. As such, the benefits of the current restoration efforts in Mulligans Flat and 
Goorooyarroo may increase over time. 
 
Reasons for failure 
 
Following the failure of the Brown Treecreeper reintroduction, Paper V investigated 
the potential influences on the low survival of released individuals. Examining these 
influential factors was crucial to understanding and informing the reintroduction 
process and also advising complete ecosystem restoration. Lessons learnt from such a 
study can form a basis for the adaptive management of all aspects of a reintroduction 
including release strategies, habitat restoration and species’ requirements.  
 
There was an important effect of native predators on Brown Treecreeper survival, as 
all known deaths of radio-tracked birds appeared to be due to predation (identified in 
Paper II). I compared habitat characteristics and Brown Treecreeper behaviour 
between the reintroduction sites and the source sites (which sustained a stable 
population). The high predation rate of the Brown Treecreeper was likely to be 
influenced by inadequacies in the habitat quality at the release site for the Brown 
Treecreeper (hypothesised in Paper V). Specifically, the number of refuge areas from 
predation within trees and logs was lower in the reintroduction site compared to the 
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habitat where the Brown Treecreeper was sourced. Additionally, ground foraging 
habitat quality appeared to be lower in the reintroduction site. This finding reiterated 
results stated in Paper I, which identified habitat suitability (which should include all 
conditions necessary for the survival and persistence of a species such as food 
availability, provision of shelter and an appropriate level of predation) as an important 
influence in Australian species translocations. Encouragingly, released Brown 
Treecreepers were able to disperse extensively throughout the reserves (ascertained in 
Paper III) and select better quality habitat that more closely resembled that of the 
source site. The sites selected by these individuals represent the habitat chosen when 
not influenced by factors such as existing territorial boundaries and the presence of 
conspecifics.  
 
This study highlighted the benefits of monitoring the source population, a 
recommended action for all reintroductions (Paper I; IUCN 1998). Information from 
the source population was utilised as a benchmark from which to evaluate the 
reintroduced population and habitat. Most importantly, Paper V identified issues that 
need to be addressed in Mulligans Flat and Goorooyarroo Nature Reserves to facilitate 
the survival of the Brown Treecreeper and other similar species. These included 
increasing the number of refuges from predation and protecting and managing areas 
providing high quality ground foraging habitat. Furthermore, restoration actions 
directed toward these issues would be required prior to any further translocations of 
ground-foraging insectivorous birds. This paper recognised that despite gazettal of the 
reserves and previous restoration manipulations within the reserves, the effects of past 
legacies such as coarse woody debris removal and intensive grazing are still apparent. 
Therefore, more work is required to achieve complete ecosystem restoration.  
 
The future 
 
The future of Mulligans Flat and Goorooyarroo Nature Reserves (and indeed many 
other woodland reserves) is dependent upon effective restoration. The restoration of 
such areas is particularly important given that it is now recognised that in many parts 
of the world, protected areas with high quality, intact native ecosystems are 
insufficient to ensure the long-term viability of species and ecosystems (Rodrigues et 
al. 2004; Watson et al. 2011). Therefore, it is vital that both scientists and managers 
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use the knowledge obtained from this thesis to plan for the future of Australia’s 
woodlands.  
 
Throughout this thesis, I have outlined a number of elements within Mulligans Flat 
and Goorooyarroo Nature Reserves that require further restoration. These deficiencies 
in restoration were identified through the examination of Brown Treecreeper 
movement, behaviour, substrate use and habitat selection within an experimental 
reintroduction. These results highlight the complexity of, and difficulties involved in, 
ecosystem restoration. However, they also highlight the unique information that can 
be obtained by using a reintroduced species as a bio-indicator for restoration success. 
 
The settlement of most Brown Treecreeper social groups within forest areas (Paper 
III) suggests that current woodland restoration efforts are not sufficient. Paper IV 
highlighted the need to further improve the condition of the ground layer within the 
reserves. Further, Paper V identified deficiencies in the refuge habitat and ground 
foraging habitat quality. This thesis suggests that ecosystem restoration needs to 
include consideration of much finer details (such as installing refuge areas in addition 
to nest boxes) and subtle effects of habitat characteristics (such as the effect of shrubs 
on predation risk). Restoration may also require a higher degree of spatial variation 
and more innovative methods than have previously been considered. However, 
restoration is often a complex matter as the habitat requirements outlined in this thesis 
for the Brown Treecreeper (and other ground-foraging insectivores) need to be 
weighed against the requirements of other species and the wider restoration goals of 
the nature reserves.  
 
The low survival of reintroduced Brown Treecreepers highlights the impact that 
predation by native predators can play in species translocations. This impact may be 
particularly unexpected when emphasis is placed on controlling land-based feral 
predators (Bester and Rusten 2009; Moseby and Bice 2004). Predation by native avian 
predators (and factors influencing an individual’s predation risk) should be an 
important consideration in the translocation of ground-foraging insectivores and other 
small birds and indeed in the conservation efforts for such species.  
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The future of the Brown Treecreeper within Mulligans Flat and Goorooyarroo Nature 
Reserves is dependent upon the actions of humans – just as their decline was. 
Although the remaining translocated individuals in the reserves may reproduce, it is 
unlikely that there will be sufficient numbers to establish a self-sustaining population. 
Monitoring of the surviving Brown Treecreeper individuals within Mulligans Flat and 
Goorooyarro Nature Reserves can provide long-term information on survival and 
habitat use. Additional habitat restoration efforts, particularly in relation to reducing 
predation risk, increasing foraging habitat quality and improving the condition of the 
ground layer, are required in the reserves before any additional translocations of this 
species are conducted.  
 
There is still much to learn about species reintroductions. Indeed, each reintroduced 
species will have unique needs, release procedures and management techniques. This 
thesis provides advice regarding methodology of future translocations of ground-
foraging insectivores and social bird species. All of the habitat characteristics analysed 
in this thesis (e.g. ground vegetation cover, coarse woody debris, ground foraging 
habitat quality, factors influencing predation risk) are likely to be important for the 
translocation of other ground-foraging insectivores, particularly in degraded habitats. 
Additionally, releasing Brown Treecreepers within social groups appeared to benefit 
our ability to locate and monitor individuals, and as such should be the preference for 
translocating social species. Reintroductions are also logistically difficult, expensive 
and often require a long time period to be successful. However, if a research-based 
approach is used for reintroductions, we can improve our understanding of how to 
successfully establish new populations and improve future reintroduction and 
translocation programs; even when programs ‘fail’. Hopefully, the success rate of 
species reintroductions will continue to improve into the future.  
 
The relevance of the information presented in this thesis may be increased as 
reintroductions and restoration projects become even more common. Further 
environmental degradation and fragmentation pressures will continue to influence 
population declines and extinctions. Additionally, anthropogenic climate change may 
stimulate new forms of species translocations (Hoegh-Guldberg et al. 2008; 
Richardson et al. 2009; Seddon 2010). Given the necessary organisation, funding, 
resources, scientific information and assessment, the restoration of ecosystems and 
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species reintroductions can play important roles in improving habitat quality and 
securing populations of some species. 
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